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ABSTRACT

Past experiences have shown that, seismic excitation during an
earthquake in the axial direction of a buried pipeline cause more damage
to the pipeline that the seismic excitation in the transverse direction.
Hence, most of the past research works have focused on the effects in

the axial directions.

To assist the seismic analysis and design of buried pipeline in a
seismic environment, a comprehensive non-linear quasi-static analysis
model has been developed. A general computer program to accept most,
if not all influenrial parameters, has been written and tested. The
analysis includes non-linear elasto-plastic behavior of soil and joint
springs. The general computer program can handle continuous, as well
as segmented pipelines, with various physical, geclogical and seismolo-
gical parameters. The physical parameters are pipe material elasticity,
diameter and thickness, segment length, joint spring consfant and maxi-
mum strength (yield displacement), soil spring counstant and slippage
strength (slippage displacement). The geological and seismological
parameters are wave propagation speeds and earthquake ground displacement

time history, among others.

This report consists of three parts. In Part I of this report, a
general description of this model is presented. This computer program
has been used to investigate the response behavior of buried pipelines
with changes in some physical, geo-technical, and seismological parameters.

The results are presented in Part II of this report.

A User's Manual for the computer program usage, with some descripticms

of the program is cecntained in Part IIT of this report.
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NOMENCLATURE

Young's modulus of the pipe material
th
Length of i~ pipe segment

Cross sectional area of ith

pipe segment

The ith joint spring constant

Axial soil resistant spring constant along itR
pipe segment

Total number of pipe segments

Maximum elastic joint displacements

Maximum elastic soil displacement

Wave propagation velocity

Elastic force applied to the pipe by the seoil
Ends displacement vector of the pipeline segnments
Ground displacement vector

Soil resistance matrix

Structural system matrix
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INTRODUCTION

When an earthquake strikes, severe damages are usually done
to life line structures, such as, broken water pipelines, sewer pipe-
lines, oil and gas pipelines,‘etc. The fire that feollows, due to
broken gas lines and others alike, goes on uncontrelled causing more
damages to properties and claiming lifes, because éf broken water
supply system (1). A better understanding of the response behavior
of buried pipeline due to such siesmic ground excitation is necessary
to aid in future designs to provide better resistance and reduce
damages.

Past chbservations (6,7) of acrual earthquake damage to buried
pipelines show axial stresses resulting in joint pull-outs, crushing
or buckling of pipes as the most common modes of failure. The Intensitcy
of the response behaviors of buried bipelines is influenéed by: the
physical parameters, such as, pipe diameter, thickness of the pipes,
pipe segment length, joint stiffness, and Young's modulus; the geo-
technical parameters, such as, the stiffness of the surrounding pipe-
line, and wave propagation velocity; the seismological parameters, such
as, the duration, form, and amplitude cf the wave.

The main objective of this project is to investigate the

response behavior of buried pipelines due to varicus phvsical,



geotechnical and seismologicaiﬁﬁarameters mentioned above by ex-
tending the computer program based on the quasi-static analysis
formulations by Dr. L.R. Wang (4,5) and written by Serma (4).
For the coﬁvenience of future application, a user’s manual is

also provided.



PART I
QUASI-STATIC ELASTO-PLASTIC ANALYSIS MODEL
I.1 Preface
In earlier investigations, a quasi-static analysis model was
developed tec study parametrically the response of elastic buried pipe-
lines, segmented or continuous, subjected to earthquake motion in the
axial direction (4). Based on this model, a more rigorous quasi-static
elasto-plastic analysis model was developed (3,5).

The quasi-static elasto-plastic analysis considers that the variation
of siesmic wave (by inputing the ground displacement time function) in
the system is unchanged when it traverses aleng the pipe. 1.¢. the entire
pipeline is under a uniform (constant) seismic environment. This restriction
has been removed in this investigation. The pipe material is considered
to be linearly elastic. The resistant characteristics of the joints and

soil to pipe motion are considered to be elasto-plastic.

1.2 Quasi-static approach

1.2.1 Description of the General Model

A long buried piping sytem consisting of n-segments is shown in

K LK WK

Figure I.1l, where K 99 5 -1 2T€ elastic-plastic springs at the

19

joints between pipe segments, in which its resistant characteristic is shown in

Figure I.2, and KO, Kh are springs at the end supports; Xl, X2, "XZi—l, SZi’



X7n—l’ in are longitudinal displacements at the ends of pipe

Segments, ¥ .o X are the corresponding ground displace-

ferr %520 Ga-1

ments at the segment intersections in the same direction as the

pipeline axis; XCO and ch are the ground movements at the ends:

. . . 1 1 1 1.
Ll’ LZ’ . Li’ - ln are pipe lengths; and &L’ &2, R

are soll resistant springs (elastic~plastic as shown in Tig. T.3)
per unit length along the segments.

1.2.2 Merhod of Analvsis

The energy method was used ro approach the "Quasi-Staric
Analysis Formulation for Straight Buried Piping Systems’' by L. R.
Wang (4,5). The detail of che analysis is contained in his reporc,
and therefore will not be repeatsd here.

Basically, total potential energy of the buried piping system is

the sum of strain energies of pipe segments, joint and soil resistance
springs, which are derived separately. By applying the variational
principle, the variation of the total potential energy of an equili-
brium elascic system i$ equal to zero; resulting in a zoverning equi-

librium equartion:

» F '3 \‘ = -y - bl
[ksyStem] R {Asoil} {RG‘ (0
~

2ux2n 2axl 2nx2n  2nxl

}

. [ g }are the soil resistance and system's structural
il 7, system

where [ K
S0

stiffness matrices; {X {X} are the ground displacement and the

¢,
pipeline segments ends displacement vectors respectively,

The quasi-static elasto-plascic analysis uses an enerzy
formulation approach siamilar tec that for the quasi-static elascic
analysis, only modificaticns of enerzy due to the inelastic behaviors

were added.

3



1.2.3 Method of Solution

Equation [1] can be easily sclved, since the equation is
basically a static one. Since {Xc}is a function of time, the seclu-
tion of {X} is also a function of time. Thus, the methcd proposed
is called the "Quasi-Static" model.

Assuming that the wave form of the rraveling seismic excita-
tion remains constant over sOme length of the pipeline which
is divided intoc n-segments, ground moticn input remains ceonstant

T

except with some delay time of seismic wave traveling from the first
support to the end of the ith pipe segment in the region considered,
which can be expressed as,

i .
AT, = . L,/C, (2)
i
J=1
where C, is the traveling wave velocity of the soil surrounding the
J

. : . .th . : . .
pipe segment j, Lj is che j pipe segment lengrh, and a_ is cthe number
of segments in region r. The total time delay will include &ll the time
delays from the beginning of the piping systenm.

The respouse of the model displacements, {X} are calculated by an

interacive prnredure ar each time step for the entire time-nistory of
the earthquake inputr record. The resulting pipeline ncdal displacements,

(X} are used to determine two pipe design parameters and 2 soil resistance

parameter,
e, = (XZi X21—1>/L* (3
Uy = % T Ry (4)
T Rgy TRy em Yy s Xt ¥ (3)



where
g, = average strain in ith pipe segment
U, = relative displacement, extension/contraction, of
ith joint spring between two adjacent pipe segments

Y. = relative displacement between the ground and the pipe.

I.3 The Investigarion Paramerers

The model has the capabilities to accept various variable

parameters:

. Variable length, cross secctional area of pipe segments;
Variable joint spring stiffness with joint spring vield
possibilities;

. Variable end conditions;

- Variable soil spring constants and with soil strength
yield possibilities;

. Variable time delay of traveling waves;

+ Variable wave form (up te four).

The major independent investigative parawmeter in this study
. . . . . . 0. )
is the joint stiffness. It varies from very soft spring (10 kips/in),
. . 9., . . ) . .
to very stiff spring (10° kips/in). Even though this model is for a
segmented piping system, it can alsc be used to medel a continuous

piping system by specifying very stiff joint spring (ie. 109 kips/in

or higher). Other investigative parameters are presented below.

I.4 The Reference Piping Systen

To establish a basis for comparison of the seismic response



behavior of buried pipelines for various parameters, the following

conditions to give elastic responses are arbitrarily chosen as the

"reference" conditions:

Pipeline Parameters

Material (steel) E = 30,000 ksi
External Diameter DE = 18 ins

Internal Diameter DI = 17.5 ins

Number of Segments n = 20

Segment -Length Li = 20 ft

Free End Condition KO, ] = 0.0

Fixed End Condition KO, Kn+l = 109 kips/in

Soil Parameters

Wave Propagation Velccity C
Soil Stiffness k, =

Seismic Parameters

3660 in/sec

565 kip/in/in

El Centro May 18&, 1940 S90W component
Maximum Ground Dis- A = 7.8 in
max
placements
Duration T = 53.6 sec
Maximum Veleccity v = 14.3 in/sec
max

For an evaluation of the effects of a particular parameter

upon the response behavior, only that parameter will be varied from

the above mentioned reference conditions.

1.5 Summary and Discussions

To prove the correctness of the formulation, several

tests and comparisons with cther models

have been made by Serna (4).

The results indicate differences of between 1% to 3%.



The analysis takes into account, elasticity of pipe material, joint stiff-
ness, and soil resistance characteristics. The computer program that was
developed based on this analysis is discussed in details in part III of this

report.
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PART II

PARAMETRIC RESPONSE QOF BURIED PIPELIMNES
II.1l Preface

The quasi-static elastc-plastic analysis model was briefly

discussed in part I of this report. And all the reference parameters were

given Section I.4. The computer program that was developed based on this
analysis is given in Appendix A and will be discussed in Part III of this

report. A sample run including the input and outpur files printc-oucs are

given in Appendix B.

The pipeline is assumed to be straight and of prismatic cross section.
The pipe joints and scil springs are linear elastic macerial with che
possibility of becoming plastic as shewn in Figures I.2 and T.3.

I1.2 Time Hisrorv Ground motion input and Pipeline responses

In this part of the report, the results of the effects of various
parameters on the response behaviours of buried pipeline system using
rhe computer program and the El. Centro, 1940,earthquake record are
présen:ed. The E1. Centro earthquake ground displacements were recorded at
0.1 second time interval; the displacement time history i{s shown on Table
II1.1 and the graphical plot is shown on Figure II.1. The induced ground
displacements along the pipe nodes for several inscances are shown in
Fig. II.2.

In order to obsérve rhe effacts of end conditiocuns on the responses, the
responses at times 2.3 and 12.9 seconds were obtained, using the £1. Centro
earthquake and all the reference couditions in Sectiocn I.4. The results are
shown on Fugures I1I.3 and II.&4 respectively. Only minor differences are cbs-
erved at the ends of the pipelines, whe;e the fixed end pipeline shows higher

rasponses.



I1.3 Effect of Plasticity of joints and/or soil

The results of the effect of joint stiffness on the maximum pipe strains, max-
imum relative joint displacement and max. relative displacement between the joint
and so0il are shown of Figures II1.5 and I1.6 reépectively. Thev represent the
responses under elastic condition of both the joints and the surrounding soil,
which will be used as reference responses to compare with those when the joints
and/or the surrounding soil is made plastic.

It can be seen from these figures that the responses remain the same as
joint stiffness increases up to 1,000 ksi, and as joint stiffness increases
beyond 1,000 ksi, pipe strain increases. At very high Jjoint stiffness
{approaching continuous pipe), pipe strains approaches its upper bound limit.

The results also show joint displacement decreasing as joint stiffness in-—
creases beyond 10,000 ksi, and for very high joint stiffnesses, jeoint dis-

placements reduces to almost zero.

Figures I1.7 and IT.8 show the effects of ultimate joint resistance on
the responses, for a varying stiffmess of the joints. The joints are made
plastic by specifying maximum elastic (yield) displacements (5J) varying
from 0.001 inch to 0.5 inch. A specified maximum elastic displacement of
0.5 inch is very much closer to the elastic condition than that of ;
specified maximum elastic displacement of 0.001 inch. In fact, the re-
sponses for 63 = 0.5 inch is only slightly different from the responses
for the elastic conditions. One can see from these Figures that, pipe
strains become smaller as 6J beccmes smaller (joints have lower plastic
strength). For high joint stiffness, pipe strain approaches the same
upper bound limit as a continuous pipe. Figure II.8a shows the effect
on relative joint displacements to increase as 6J is decreased for high
joint stiffness. And for lo&er joint stiffnéss, relative joint displace-

ments remain constant appreoaching the upper bound limit.

12



The responses under plastic condition of the surrcunding

soil is théﬁuigééééigécéa; Théwéoil is made plastic by specifving
maximum elastic (vield) displacement (SS) varying from 0.001 in.
to 0.5 inch, while the joints remain elastic. The results are shown
in Figures TII1.9 and II1.10. The results obtained with a specified
55 = 0.5 (i.e. approach elastic condition) is verv close to the
resules for the elastic condition. FTrom these figures, it is obvious
that as the specified maximum soil yield displacement (55) decreases,
pipe strains and other responses become aporeciably smaller and jeint
displacements also become lower.

The results for the plascic condicions of both the joints
and soil are shown in Figures II.1l and II.12. This represents the
combined effect of plastic conditions of botu the joints and soil,

nhence the result is mixed, but the responses ara much lower than

that of in the elascic condicion, with the lower bound

approaching ©o that of plascic scil ceondirien.

Conclusions

1. From the results of this part it can be concluded that less
damage is done to the pipes (lower pipe strains) as the joints
anﬁ/cr soil become plastic.

2. The plastic soil condition is mere influencial in reducing

pipe strains than the plastic condition of the joincs,

3. Joint displacement increases under plastic comdition ¢f the
joints, bur decreases under plastic condition of the surround-

ing soil.

13



T1.4 Effect of Soil and Geological Conditions

The difference in the responses for a fixed-fixed end and a
free-free and pipeline is at the end pipes/joints, as verified in
Figures II.3and 1I.4. The fixed-fixequeﬁé pipeline experiences
more damages (pipe strains and joint movements), with the maximum
effects at or near the ends, than the free-free end pipeline; while
the responses in the interior pipes/joints are the same for both
end conditions. In this investigation, we observe the effect of
abrupt changes of soil and geological condition on the response of

buried pipeline, using different end conditions for comparisou.

A list of all the reference conditions is given in
secrtion I.4. In this section, the surrounding soil is assumed
to consist of two regions of varying soll stiffnesses and wave
propagation velocities. The first half of the pipeline (pipes
No. 1 to 10) is assumed to lie in the first region (referred to as

region 1) and the second half of the pipeline (pipes YNo. 1l to 20)

in the second region {referred to as region 2). The variations

are obtained by taking a ratio of the reference condition, for
v e N
l l R X e sy 1 o s T - e
example, T3 implies that the wave propagation velocity in
2

region 1 (Vl)’is 3,960 in./sec. (reference condition), and wave



propagation velocity in region 2 (Vz) is 7,920 in./sec., all other
reference conditions remain the same.

The end joint stiffness equals zero for a free end coﬁdition,
and 109 ksi for fixed end condition-are used. The results of the
responses for a particular parametéf are plotted on the same page

for comparisons.

11.4.1 Effect of Soil Stiffness

Results

This section of the investigation foecuses on the responses

Kl 1 1 1

under abrupt changes in soil stiffness, i.e. =— =&, &, & et¢. all
K2 1* 2° 5

other reference conditions remain the same. Figure II.13 shows the
effect of soil stiffness changes on pipe strains (free-free ends):

here it is obvious that as the soil stiffness increases (in either
region) pipe strain increases. 1t is also observed that for higher
joint stiffnesses (beyond 1,000 ksi), pipe strain increases and tends to
approach the same upper bound. The results show that, the maximum

pipe strain is governed by the region of higher soil stiffness,

where it also occurs.

B 11 1

K, T 75
the joint mcvement is governed by the region of lower soil stiff-

As shown in Figure II.14, for

ness where the maximum joint displacements occur. There is no differ-
ence in maximum relative jéint displacement within a pipeline.
The results with the fixed~fixed end are shown in Figures
IT.15 and II.16.The results are similar to those o©obtained with the
free-free ends except that the responses (pipe strains and joint

displacements) are higher with the ends fixed. As with the free-

15



free ends, maximum pipe strains occur in the region of higher soil
stiffness. The maximum pipe strain occurs in the end pipes and

for uniform soil stiffness, it occurs at both end pipes. Joint
displacements are governed by the softer soil {lower stiffness) and
occurs in the softer soil. And joinﬁ displacements become lower
for higher (beyond 1,000 ksi) joint stiffnesses.

The results with the fixed-free ends (first end joint fixed,
last end joint free) are shown in Figure II,}7. The results represent
the combined effects of end condition and soil stiffness, hence, the
response 1is mixed. Since stiffer soil/end fixity tends to increase
the responses, maximum responses will be governed by which effect

governs the responses as the joints stiffnesses increase.

Conclusions

From the investigations of this section some concluding

remarks can be made as follows:

1. Pipe strain increases as soil stiffness and joint
stiffness increase,

2. The pipeline with fixed ends shows relatively higher
responses (pipe strains/joint displacements) than with
free ends, and the maximum respdnses occur in the pipes/
joints at or near the fixed ends.

3. Maximum joint displacements occur in the softer soil

(lower soil stiffness) and decreases as spil stiffness

becomes higher.

16



II.4.2 Effect of Wave Propagation Velocity

Results

The results of the investigation on the responses of buried
pibeline under abrupt changes of wave propagation velocity (geologi-
cal changes) are presented in this section. Figure IT.18 shows the
effect of wave propagation velocity (V) changes on pipe strains for

the free-free end condition. It is observed that pipe strains are

v .
VL = %, %,-%, fﬁ, which implies that pipe strain is
2

governed by the soil region with lower wave propagation velocity.

the same for

Relative joint displacement is also governed by the soil region with

lower wave propagation velocity (gig.II.19)- Pipe strains/joint

displacements reduces as wave propagation velocity is increased. The

results of fixed-fixed end condition as shown in Fig. II.20 & IIL.2Zl shows higher
responses {pipe strains/joint displacement) than that of the free-free

end condition. The results for the fixed-free end condition are

also shown in Fig. 1I.22, which represents the combined effect of

end conditions and wave propagation velocity.

Conclusions

1. Pipe strains decreases‘as wave propagation velocity
increases.

2. The responses (pipe scraiﬁs/joint displacements) are
governed by the soil region with l&wer wave propaga-
tion velocity, where the maximum respounse alsc occurs,

é. The pipeline with fixed ends shows relatively higher

responses (pipe strains/joint displacements) than with

17



f{ree ends, and the maximum response occurs in the

pipes/joints at or near the ends.

18



I1.5 Effect of Seismological Condition

In all of the above investigations, the E£1 Centra, 1940,
earthquake record was used. The earthquake dara consists of 336
records at 0.1 seconds time interval of record. The data was
recorded at one location, and for the above investigations, all
other locations along the pipe line are assumed to have the same
earthquake record (consctant wave form) except with some time delay
incorporated. The delay time depends on the distance from the
assumed point of record and the wave propagation velocity. In
actual earthquake, seismic changes that take place makes this
assumption to be untrue. In this part of the report we present
some of the results obtained in.an effort to evaluate cthe effect of
seismic changes on buried pipeline, using the El Centro earthquake
records as reference data.

A'pipelide model, cousisting cf 22 pipe joints
is divided into twe regioms with joints 1 to 11 in region I and
joints 11 to 22 in region II. The ground movements {at joincs) in
region II is subjected tc variatious from the reference daca.

One variation of the earthquake wave form is that a 5% or 107 decrease/

increase in the magnitude of the original reference ground movement record
for region II. Another variation of earthquaks wave form is done by given

a tizme delay, say 0.3 second or 1.0 second to the original ground movement
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data of region I for region II. The third variation is that the ground
movement of region II is the same in magnitude but reverse in sign as thar of

of the original record for region I.

Results

The results of this section are not very conclusive, in
that, the responses (pipe strains/joint displacements) depends on.
the original reference earthquake records. Figures II1.23 and II.24
show the results obtained using the El-Centro earthquake, between
timé = 2.3 seconds an@ 13.0 seconds, as reference. The responses
(pipe strains/jeint displacements) are higher for amplification
and lower for reduction; but the variations are very small. One
can see that for this earthquake, the responses become higher with

an increase in the delay time. The reverse waveform for the two

regions give the highest respouses.

Conclusions
1. It can be concluded generally that amplification/
reduction of ground movements increases/reduces the
responses (pipe strains/joint movemenrs) respectively,
2, The maximum response (maximum pipe strain/maximuﬁ joint
displacement) occurs in the pipe/joint at or neér mid-

pipeline where the abrupt seismological changes occur,
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17.6 Summary and Discussions

The results of the response behavior of buried pipelines
under seismic excitaticn in the axial direction with changes in
various physical, geo~technical and seismolocgical parameters are
presented in this part of the reporc.

The phvsical parameters investigated are the plastic
condition of the joints and the surrounding seil. The geo-techaical
paramecers investigaced are the stiffness of rhe surrcunding soil
and the velocity of wave propagation. JAnd the seismological para-
meter investigated is the effect of wave form changes, such as

amplificacions, abrupt wave travel delay, etc.

Some conclusions have been made based on the results and
were presented at the end of each section. We now summarize all
the conclusions and try to explain the reasons for scme of the
results as follows:

. Less damage is done tao the pipes (lower pipe strain)
as rthe joints or the surrounding soil become plastic. 3ut the
plascic condition of the soil is more influential in lowering
pipe strain than the plastic condition of the joints,

. Joinr movements increases under plastic condicien of
the joincs, but decreases under plastic condition of the surround-
ing soil.

. Pipe strain increases as the surrounding soil stiffness
increases.

. The pipeline wich the ends fixed shows relafively
higher responseg (pipe‘strains/joint movements)‘chan the same pipe-—

oipeline wich the ends frse.



. The responses are higher as wave propagation velocity is
decreased for the entire pipeline. 1In the case of different wave
propagation velocity along the pipeline, the responses are governed
by the soil region with lowest wave propagation velocity.

. It can be concluded that amplification/reduction of the
ground movements increases/decreases the responses, respectively, but
the increase/decrease are only very slight.

. Even though the responses for a fixed end condition
are relatively higher than the responses for a free end condition,
the differences in the responses are only cobserved in the end
pipes/joints. The respounses for the interior pipes/joints are the

same for both end conditions.
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PART III
USER'S MANUAL
FOR THE COMPUTER PROGRAM ON

SEISMIC RESPONSE OF BURIED PIPELINES
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III.1 Introduction
In earlier investigarions (3,4,3), a quasi-static
analysis model was developed to study the paramecric respouse of
buried pipelines, segmented or continuous, subjected to esarchquake
motion in the axial directjon. However, only elastic resistance para-
meters for soil,joints are considered. Vo parametric elasto-plastic
study has been done, In reality, both soil and joint does not
remain elastic indefinitely. Therefore the quasi-stacic elasro-plascic
analysis was undertaking co'include the elastic-plastic behavior of the
joint and soil to better understanding of siesmic tespouses of buried pipelines.
Based on the formulations from the "Quasi-Static Analvsis
Formulation for Buried Piping System"” by Wang (4,3), a computer pro-
gram was developed to analyze and obtain the responses of segmented,
straight, buried pipelines due to seismic excitation. The basic
output of the program are, the maximum pipe strain, maximum relative
displacementcs bectween the pipe and the soil, and maximum joint
displacements in the entire history of the ground excitatiocn.
This report has modified the inmput/cutpuz fermar used in
the earlier program o allow for more flexibility in the use of the
program. The author has alsc modified the program such that it can

be used to outputfthe responses at any parcticular cime(s) and many

more.



This user's manual is intended to briefly inform the user
of the capabilities of the computer program and to provide all
the needed information to effectively use the program. The latest
version of the computer program is now available for use as a
package in the University of Oklahoma Computer System. The program
is written in the Fortran Language and is named "QUAKE". The
program listing is also included here for users outside of the
University of Oklahoma Computer System. Various options for running
the program, a complete description of the input file, and an

example run are all presented in this part of the report.

III.2 Description of the Computer Program

T1.2.1 General

The main objective of the computer program is to solve the
equilibrium equation derived from the "Quasi-Static Analysis Formu-
lation for Buried Piping System' by Wang (4,5), for the pipe segments
nodal displacements {X } as shown in Equation [1]. The program

constructs a soil stiffness matrix [E; from the soil properties

oil]
input and multiplies it by a vector of ground displacements «which
is automatically obtained from the ground movement (earthquake)
input . The program also constructs the pipeline system's stiffness
matrix from the joints and pipe-segments properties input, which

in turn is multiplied by an unknown vector of pipe displacements.
This unknown vector of pipe displacements is the desired solution,
which can be solved for by Gaussian elimination.

However, a non-linear behavior of the pipeline is expected,

therefore, the program uses an interative process to provide the sclutiom.
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The program allows one to use various variable parameters
as discussed in Section I.3 of this report, among which is the
joint spring constants. With this variable, a free or fixed
end piping system, as well as a continuous piping system, can
be analyzed by specifying very stiff joint spring constants. Each
pipe/joint properties are input separately, thus, allowing for

variable pipe/joint characteristics along the pipeline systen.

IIT1.2.2 The Interative Process

The process starts by applying a very low fraction of the
loading to ensure that all the elements of the pipeline, pipes and
soil-pipe interfaces, behave elastically. After this the system is
scanned to find the highest stressed element in comparison to its
elastic limit. Once the element is found, the same loading is
increased to a fraction over the one that produces the first plastic
condition.

At this point, the necessary corrvections are made to the
elastic stiffness matrices to include the plastic behavior encountered
and the loading is increased further always checking to see if other
elements have become plastic. This last ﬁrocess i; repeated over
and over again until full loading condition is obtained, depending
on thé nﬁmber of iterations desired.

Two iterations are done at full load, one is to obtain
the total loading from a lower step and the other is to ensure
convergence,

On the other hand, if the system is scanned and no element
is found to become plastic, full load is applied and the resulting

displacements are saved after solving the system.
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II1.2.3 Time Steps

The same procedure described before is repeated for the
next loading in the earthquake history. In the case of the El Centro
Earthquake of 1940, it involved 536 different loading conditioms,

if the entire earthquake record is to be used. (see Table II.1)

I11.3 Example Job Control Statements

1. To execute the program package on the University of Okla-

homa Cowmputer System through a card deck.

YN
AEEDE ™\
b s ) e - e -
"INPUT - DATR — ~ 0
A7FT6SEN01 ID ¥ , g e
YOS DT SYECTER T T ‘ N EHN
#7STEFUTE DD DSMSD, QURKELLOKD: DISPSSHR ‘\ TIIEEIT:
/77 CEC PGHSOURFE _ ‘ ™ 1w Y L gy
Z/FFTE T  JOB EDL12345 "OLABINTRN RETSL “yCLASS=o TIME=C2, 60y - N TR
L olak . : e |t 133 L4
Tt omms T T - - 20 11
) . e e« N .. . i r}n[t 7 31 e ss
;:aoonnnonaﬂuanouooooca'aaauuaa;aacoaa“"aaacau‘uaai15011oeaoeaf“fnaaouuaouuauooa o Ol s fse o
1214387 byan nmmu|1mtnr.nnz-n:mnulnnnssunn:iqnquuquucauuunuuuuuumwnnunnunnn nnRunsnitneam H 2? 3] '
N N N N T R R N R R R T
i
2222212122222;22222hzzzzzzzz.zzzzzzzzz~zzzzzzzzzzzhhzzzzzzzzzhzzzzzzzzzzzzzzzzzz Tw
:zxszazzsazsazzlzulzhsxhJJL3333LaJazzzzsszssszhzzzaahh333111_3333133133113:333 s s
HUHH‘&HI“L_IUALHIHULIIHHH-_Htl““HJJHHI_HIJHHlll“l““ll“ I i 5t
sssssssssss;sss;ssssss;sussssssss;sssssssssss;ssssssssssssas_ssss;ssssssssssssss T "
$568 SGGGSGE,EiEEEGtESSES;Esssssssss;ss:csssssssssssgssssss_63653556555555555856 T v
33
(1 iih777777711771177777111:7111117711771111717771117771171171777777211:77r1111; TR T
aaaaaaanaanluttssxasaas..aansaa:ansxassasuaaaghsasaaha.t;ua_-s_|thsassaaanssssaa g 1
?as_ssssesssssssssssssssssess:sssssss:sssessessasassssss:ssssssssesssssassssssss il

PEEET R AMUNNUBKII NN ANIAD AN RN ﬂﬂﬁﬂ‘l’.‘ih‘ll(ZIIMBIUIGHHHUHHH“’DIIIIlﬂl(ﬂlﬂ-ﬂ’!ﬂ713””‘“11""- /
- oy FRIY

2, To execute the program package on the University of Okla-

homa Computer System through a terminal.

//7PROG J0OB EDAL 2345, ' AFISU DLASINTAN:,CLASs':J.TIHE:Cj’ 00)
/S EXEC PGM=QUAKE

//STEPLIB DD DSN=D.QUAKE.LOAD ,DISP=3HR
//FTO6F0G) DD SYSQUT=A
//FTOSFO001 DD *
INPUT DATA.
/¥EOF

SEND *PRUG!
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3 To execute the computer program with the program listing.

laizid
pa
TNPUT * DRTR
/7760 SVST DI 4
T FROGRAM - LISTING
7 FURTLIYSIN DT ® ‘\

77 EXEC FURTGLLG 4‘\
[ T JOB EDCI234% "TLABIMTAN AFISU "y CLASSaUs TIME=C2, (0% ) 1

: PR Lo T S : TR

. ik A i i 1 e 17 "

.. - e n

T o00gu0000000048050080K 0800030 000080 Ta00000 000 003 A0000071T490000000080008 (1] 13
[EREREREERER IGMELYELER-2-E 202000 2 R RS R POV RS20 R LEE T PT-F P L LR L ALY 33
VTR R R R L TR D T PR I R i iy 2 |y “
120022220020 220 222220 2020220 2L 2A2LLLAT 2.0 2222222220 22222222222 722282 (31 g 55
J33333233033333 000330330 3303238 1333332303330370033300 03333 00003333933333333333 e (5 -
L G U T O L J i i ke s TR
SI5SS5ISIiToTISLISSTS8, I, 58085585, 58555555655,55555555556557570585095585595555555 |55 lyy "
I e e R N T L L R A e A R A R AR 10T A T I lay
(VI TR LIt a I I r v r I v Inn It I I Nt I I NI NN I NI NI NN IITNIIT g 19 .
ROIORRRBB IR RORRauuauast, A0 BEatn b e b aS Rt tddnist annnnesseatnds  jog ;:L/f—”/,

P12 07 TN AN LN EU N RN I DNESENRGAQUUEEURAMRUUNUNTSSNUNONENDENNNTIINIANIT N TN
o )

!!!_!!!!!!!!!!!!5!!!!!!!!!!9!"!!!3!!5:593!!9!3!!!!!3!!!!1!3!!!!!S!!!!!!!!5!!!!!!‘/}:L/

4. To obtain the program listing directly from the University
of Oklahoma Computer System.

through avcard deck

/WECF ™\
/4VSYSIN'nn'D:H&SZSUREELFEFT}DISP=2HP
o SUED PRINT
~/FREOG JOE EDCIZ345: "CLABIMTAN AFTSU  © 7, CLATT=Y “‘\ 10
- T - .. . TER
' : e - 1 7Y l
TT10000000008900000000070908000700008007 00000072097 0" 0000000008%000000000080000 |7 e
173486 ur;4“|_u.mmuml_nlz;a:x:msn::unnfunlsuluutruuuuuurum_aus:uuisunun-ﬂrzuuuunnuunnnurmnunn 27 !33
RN R R R R R AN R R N R A N RN A RN R N SN RN R SRR R RN ER R R R RN R RE T
R R s R R R A R R R A A R A R R R AR R e R R R R A N R R R R R R R R R R A R 4 2 2 R R A R AR 2 R R R A R R R R R R R %! 13 1‘ E“

- - - - ——_— 144 i H
JIIIIINIIININNGD 13T TIINIT A9 00077 00000333033333333332333333331338 4, ;55 95
AL ) L G T 0 47 4 00 i s i 4 55 5o 86

- - . . |
R LA L I R A R L L R R A R R R R R R R E R R R A RS 11 0 2 R R R 0 Y !77 [77
BEES GBEEAGS SR OOERaOEE N SRR RSB0 G0 CGEES 0060055, SO08 656666665655 66656666886 1 " |8' ‘
AR N R R R R R R AR RS N R DR R R R R R R SRR NN R R RN A RN R RN SRR AR R RNRERTY T 59 3;’)
A RN RN R R R R RN R R R N E R R R R RS R R R R RN R I R R O R R R R R R AR R R AR R EE RN LR 5g 1™
£99. 9901999999399899893399908% 59999887 995999999629999999999985999938539999554929 E'
1rydse s

TN TN TN AT IR RO AR AN AT QYU GAUNN UM NYNIQUMESUSHNII MG ATANN
[ 2] M

-

.through a terminal :

//PRUG JTB EDA12345,'AFISU OLA3IMTAN',CLASS5=U
S/ EXEC PRINT .

J/7SYSIN DD DSN=De QUAKE.FORT,DISP=SHR Reproduced from
i best available copy.

SEND 'YPROSG! 53



111.4 Description of the Input File

ITI.4.1 Set 1 (Earthquake Record Informaticn)
A. CONTENTS (One Card Required)

3. READ IPT, IGM
where:
IPT = The number of regions where different earthquake data
are input to the system. (Maximum IPT is 4.)

IGM = The number of earthquake data recorded at each region.

This number must be the same for all the regions.
(Maximum IGM is 600.)

C. FORMAT (215)

D. EXAMPLE IPT = 3, IGM = 174, wmeans that, the piping system is
subjected to 3 different earthquake motions in 3
regions, and 174 earthquake data are recorded at
each region.

I11.4.2 Set 2 (Earthquake region information required only if IPT is
greater than 1) |

A. CONTENTS. {Number of Cards = IPT)

B. DO 31 I =1, IPT

READ JOINT (I, ), J =1, 2

31 CONTINUE

where; 54



JOINT (I, J)

Card 1

JOINT (1, 1)

JOINT (1, 2)

Card 2

JOINT (2, 1)

JOINT (2, 2)

Card 1

JOINT (I, 1)

JOINT (I, 2)

FORMAT (215)

EXAMPLE

The matrix that stores the joint numbers, described

below.

The near (starting) joint number for earthquake
record at region 1.
The far (ending) joint aumber for earthquake

record at region 1.

The near (starting) joint number for earthquake
record at region 2.
The far (ending) joint number for earthquake

record at region 2.

The near (starting) joint number for earthquake
record at ragion I.
The far (ending) joint number for earthquake

record at region I.

If earthquake is constant over the entire pipeline,
(IPT = 1), Card Set 2 is not required. Here,

all the ground movement're;ords are input from

one region. The default is JOINT (1, 1) =1

and JOINT (1, 2) = NJ where NJ is the number of
joints. If earthquake is input for 3 regions for

example, (IPT = 3), 3 Cards (Set 2) are required.
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If there are 21 joints in the pipeline (numbered
1 to 21), if one wants Joint 1 to 5 to use the
records for region 1, then Card 1 must contain
integers 1 and 5. 1If one wants Joints 6 to 14 to
use the records for region 2, then Card 2 must
contain the integers © and 14. Lastly, Card 3
must contain the integers 15 and 21, since Joints
15 to 21 uses the record for region 3 in this
case.

E. NQTES

1. If one decides not to use the record from a

.particular fegion I, which is part of the earth-
quake data set, the corresponding Joint Card must
be left blank. From the example above, if one

decides not to use the earthquake data for

region 2 in a particular run, and wants Joints
1 to 10 to use records for region 1 and Joints
11 to 21 to use the records for regien 3. This

can be done in 2 ways:
I. Remove the data set for location 2 and change
IPT to 2, then,
Card 1 contains 1, 10
Card 2 contains 11, 21
II. Keep all data set and IPT remains as 3, then,
Card ] contains 1, 10 7
Card 2 contains 0, ©

Card 3 contains 11, 21
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III.4.3 Set 3 (Earthquake Record)

A.

CONTENTS (Number of Cards = IPT * IGMI1)

po 6 JJ

=1, IPT
DO 1 I =1, IGM
J=1%*28
K=J-7

READ GMOVE (IL,JJ), II

1 CONTINUE
6 CONTINUE
where:
GMOVE (II,JJ)

It 8R

Cards

FORMAT (8F10.4)

EXAMPLE

il

i
s
[

The matrix of ground movement records.

The number cards/lines centaining the
earthquake record for region JJ (For JJ =1
to IPT). This number is computed automa-

tically from IGM.

There must be 8 records per card/line except
for the last card/line which may contain less
than 8 records. Otherwise blanks will be

considered as zerocs.

If there are three regions of record and
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250 data; recorded at each regicn. ‘The
250 data from region 1 is read in first,
then 250 data from region 2 is read in
next, and lastly the data from region 3.
The order must correspond to the ;rder of
joint numbering in Set 2 abc?e. For each
region I, 250 data is required to be read
in. Since 250/8 = 31.25 is not an integer,
ICM1 is taken as 32 in the program, and the

data cards must be as follows.

Card 1 Contains GMOVE (I,J), J =1 to 8
Card 2 Contains GMOVE (I,J), J =9 to 16
Card 31 Contains GMOVE (I,J), J = 241 to 248
Card 32 Contains GMOVE (I,J), J = 249 to 250

Here Card #32 contains 2 records in its first
20 columns only.
E. NOTES:
y. For this example a total of 3 x 32 = 96 cards/lines
are required.
2. Begin earthquake records for each region on a new
card/line.

3. Time interval between records must be 0.1 seconds.
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IT1.4.4 Set & (For Output Choice)

A. CONTENTS (Cne Card Required)

Basically, this program obtains and outputs the maximum
responses for the entire periocd of ground excitation, such as the
maximum pipe strains, maximum joint displagements, etc. This
program outputs the maximum pipe strain and the cerresponding time
of occurence for each pipe segment. Sometimes one is interested in
knéwing what are the responses, including the ground displacement
itself, at a particular time (or times). For example, what are
the free field ground displacement and response at various nodes
at cimes = 2.5 sec., 3.7 sec., etc.

Also part of the basic output is the absolute maximum responsa
in all of the pipes/j;ints, the corresponding pipe/joint number and the
time of occurence. Again, one mav be interested in knowing what are
the responses in all the pipes/jocints, including free field displace-
ment wave shape at the,tiﬁes when the absolute maxinum response is
experienced. The next input dara (XLIST, ILIST) enables one to do

these two things.
B. READ ILIST, XKLIST
where: ILIST > @ ILIST, any integer greater than zero. To

cutput (freeze) the responses and the

corresponding free IZield displacement at



the times when the absolute maximum response
in all the pipes/joints occur.

ILIST = © ILIST equals to zero, 1f one does not want to
output the responses at the times when the
absolute maximum response occur.

KLIST > O KLIST, an integer greater than zero, is the
number of times that one wants to output (freeze)
the induced ground displaceméﬁté'and responses.
For example, if one wants to cutput the general
responses at times = 3.6 sec., 12.9 sec.,
respectively, KLIST = 2 (maximum XLIST is 3).

KLIST = 0 KLIST equals zerc, when one does not want
to output the responses at any particular

time,
C. FORMAT (2I3)

I1I.4.5 Set 5 (Time(s) for which the responses are to be output)
A. CONTENTS (One Card Required)

B. IF (KLIST. NE. Q) READ TIME(I), I = 1,53
where:
TIME(I) The vector that stores the times for which

the responses are td be output. (Maximum

I=25.)
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C.

E.

FORMAT (5F10.4)

EXAMPLE

NOTE :

As in the above example, to output the responses
at times 3.6 sec. and 12.9 sec., respectively

(KLIST = 2). This card must contain 3,6 in its

first 10 columns and 12.9 in its next 10 columms.

This card is required only when KLIST is greater

than zero.

(Continued)

61



I1T7.4.6 Set 6 (Parameter for nonm-linear analysis)

A. CONTENTS (One Card Required)

B. READ PERI, XITER
where:

PERT

Initial percentage of total load, preferably 0.1.

XITER = Number of iterations per loading.

C. FORMAT (2F10.5)

II1.4.7 Set 7 (Study time interval)
A, CONTENTS (One Card Required)

B. READ STTM(I) I =1, 20
where:

STTM(I) The vecter that stores the pairs of time periocds a£
which cne wants to know the displacements or strains
in the system.

C. FORMAT (20F4.1)

D, EXAMPLE If one ﬁants to know the strains and displacements
in the system for the intervals of time 3.5 to
3.7 seconds and 11.8 to 12.4 seconds; STTM(1) =

3.5, STTM(2) = 3.7, STTM(3) = 11.8, STTM{4) = 12.4.
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These times must increase contonically; that is,
the first intervals wanted must come first in
time.

E., NOTE If one wants only the maximum values in the

entire load history, this card must bé left blank.

TII.4.8 Set 8 (Basic Parameters)

A. CONTENTS (One Card Required)

B. READ NS, TS, TE, TI
where:
NS = Number of pipe segments.
TS = Starting time in the earthquake record for calculations.
TE = End time for calculations.
TL = Time interval desired. (Must be a multiple of
0.1 )
c. FORMAT (15, 3F10.4)
D. EXAMPLE In the case of El-Centro earthquake, the total

time of record is 53.6 seconds. In order to

obrain the responses for the entire time cof record, -
TS = 0.0 and TE = 53.6., But the responses can be
obtained for a time interval 2.3 to 9.6 seconds

only, then, TS = 2.3 and TE = 9.6
II1.4.9%et 9 (Title)

A. CONTENTS (at least 1 card regquired)
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B. READ K, NTITLE(I), I = 23, 60

where:!
K=1 K, an integer equals one, indicates one more
card is to be read.
K#1 K is not equal to one (i.é., zero), indicates

the last card to be read in.
NTITLE(I) A character vector that stores and outputs the

title on a card/line. Each title on a card must
fit within cclumms 2 and 80.

C. FORMAT (I1, 79Al)

D.  EXAMPLE If one wants to input 4 lines of title, 4

cards of Title are required, with X = 1 on the

first three cards and K = 0 on the last card.
E. NOTE : There must be at least one card and no maximum

number of cards.
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IIT.4.10 Set 10 (Joint Properties)

A. CONTENTS (NJ Cards)

DO 11 I =1, NJ
B, READ  KJOL(I), DJOI(I)

11 CONTINUE

where:
NJ = The number of joints (NJ = NS + 1).
'KJOI(I) = Stiffness of joint I.
DIOI(I) = Maximum elastic displacement for jeoint I.
C. FORMAT (2E15.9)
D, NOTE There must be NS + 1 cards.

III.4.11 Ser 11 (Pipe Segment Properties)
A, CONTENTS (NS Cards)

B. DO 12 I =1, NS
READ D'I,ADE, LEN(I), ELAS(I), SST(I) VELS(I), DSOTL{I)
12 CONTINUE '
where:

DI = Internal diameter of pipe segment I.



DE = External diameter of pipe segment I,

LEN{(I) = Length of pipe segment I.

ELAS(I) = Modulus of elasticity of pipe segment I.

S8T(I) = Soil stiffness along pipe segment I.

VELS(I) = Wave propagation velocity along pipe segment I.
DSQI(I}) = Maximum elastic relative displacement between

pipe and soil, along pipe segment I.

C. TORMAT (7ELL.S)

D. NOTE There must be NS cards.

End of input data.
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~

PEAL*3 SYS,SCILX

FEAL®A K JOL.LEN

COMMON /MATRIZ/SYSI3021,501IL(307)

COMMON /VECTOR/ X({122)1+Z{160)v2ZT(4),28C(4):2ZCC( 160} ,TIME(5)
COMMON /0QCR/kJCTI(31) ,SST{30),LEN(32).ELAS(372),AREA{(30)
*,0J0I(31),03Q1(3)

COMMCN /DESP/ATD(30)

COMMON /KONST/ NS NJWNS2ZNJ2NSYS NSCI.ILISTXKLIST, [GM, IPT
COMMQON/MAX IM/ ZM(320,4)+47Z88B(2144).,GMAVE(600,+,4) + JCINT(4,2)
DIMENSION VELS(3Q)+STTM(20)

READ(5,150) [PT,IGM
IF{IPT«EOl) GC TQA 7

DO 31 Ist.IPT

READ(S,150) (JCINT(T.J)}s J=1,2)

I1 CONTINUE
7 CAONTINUE

IGML=[FIX(IGN/9.)

[F({IGM=TIGMI *¥8) «GE+1 )} IGMLI=IGMLl+1

DO &6 JJ=1,.1IPT

DO L I=1,IGM1

J=1*8

K= =7

READ(S,2) (GNMOVE(TII L JI)s11=K,J)

FORMAT (8F10.3)

CONTINUE
6 CTONTINUE

DO 74 I=1.4
ZBC([)=0.
ZT(1)=0.
74 CONTINUE
READ(S+152) ILIST,KLIST

150 FORMAT(215)

IF(KLISTNE«2}) RZAD(S,151) (TIuZ(1), [=1,9%)

151 FORMAT{SF 10,4}

PI=3.1415%93

I TM=1

NTOT=0
READ{S.3IPERIL, XITER
READ(S A0} (STTM{I)Y»I=1,29)

40 FORMAT(20F 4.1)

READ(S +4 INSsTSHTELTI

FORMAT(2F10.5)

4 FORMAT ([ 5+ 3F10,.,3}

MNJI=NS+1

NJ2=2%NJ

NS 2=2 %NS

NSYS=3%kNS2~-2

NS OI=4%NS

CALL START (NS sNJsTSH+TESTIIPERTLZXITERLWNSYS)
WRITE(E,8)

S FURMAT (1" 28X+ 25( %7 )4/ 27XV FP 3230, X1, /,27X, "% ,3X,
1VJAINT PROPERTIEST 44X (P51 o/ ,2T7TXK 47 xY 423X, "%V /27X, 25{ %Y ) /10 /
215Xy "JOINT 1, SX , 1 STIFFNESS! 48X, ' MAXIMUM ZTLASTIC DISPLACEMENTY /901

DO 11 I=1.NJ g
READ(S+9) KJCI{I)1.D0J0I({I)

- Y

[}
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142 WRITE(6H17) TWKJCI(I)DJOT (1)

11 CONTINUE

9 FRFRMAT(2E15,9)

1N FORMAT (13X, S47X,E1%048412X4,51044)
WRITE(6,15)

14 FORMATI VLY J25X 4200 %7 ) ./ 26X, %" 26X,V %%,/ ,268X%, "%V, 3%,
1'2 [PELINE OCROPERTIESY,3X, "%¢,/, 28X P21 26X, %1,/
2426X28( X1 ) /10 /EX,DIPEY ,2X, ' I ,DIAMETER', 2X, 'EX, DI AMETER",
TAX s "AREAT yAX s "M ELASTICITY® «3X," LENGTHY /01 /)

ATD(1)=0.

G=0.

DO 12 I=1,.NS

READ(S5+13) DI+0E,LENTI),SLASII}SST(I),VvELS(II,080I(])
13 FORMAT{7E!l1.5)

AREA(I)=(DE*DE-D I*D I 1 %x5] /4,

TO=LEN( II/VELS(TI)

Q=0+ T0D

ATD( I+1)=Q

WRITE(5415)1 01 +CELAREA{I)}.ELAS{I)LEN(T)
15 FORMAT{IB2X+S(1X,E10.4,1X))
12 CONT INUE

WRITE(64+50)

SO FORMAT( ' 1' 27X 4280 759 ) 4/ 28X,"%7 22X, "% /28X, %' ,3X,
1*SOIL PROPERTIES T +3X 9 %%, /28X, &1 22X, "%, /,28X,24("%'),/,
220 %0 4/) »2X+* SEGMENT?' ,3X,'SCIL STIFFNESS*' 13X,
3'PROPAGATION VELQCITY MAX ELASTIC DISP.Y /N /)

DO 51 I=1 NS
S1 WRITE(6,52)1.8ST(1),VELS(L),0S01¢1)
S2 FORMAT(IL7,3X,3(3X,E14,7,3X))
SW=1 e
TM=TS~-T1
CALL CONST
J7=NS2+1
K7=2€NS2
20 TM=TM+TI
IF(TM.GT.TEIGQ TC 999
IF(SW.EQ.D.)GO TO 22
NF IRST=0
DO 21 I=J7,.K7
21 x{[)=0.
22 PER=PERI
SwW=73,
XN=1,
CALL DISP{TW)
CALL MULT(PER}
CALL SOLVE(NSYS)
CALL STRAIN{PER)
CALL HIGH(XITER,PERL,PER,SW.PERP . XN)
IF(SW.GT.0.)G0 TC 132
CALL SAVE{TM,T3)
CALL RECONS (1)
IF{TMLTaSTTM{TTM) e OR.TMaGT.STTM{ITM+1))IGO TO 20 .
CALL STOPTM{TM) '
[IF{TMeGE «STTM(ITHM+1 ) ) ITM=ITN+2
Ga TQ 22
130 CALL ALTER(TM,PER, IN,NFIRST)
CALL MULT(PER) '
CALL SOLVE(NSYS)
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132

3939

72

71!

109

CALL STRAIN(ZED)
[FIXN.GT X [TEQR)GA T2 132
AN=AN+L o

NF IRS5T=1
PER=PERP+ (1 . =DERR)xXN/XITER
[FIPER.GTL 1, IPER=L,

GO TQ 139

CALL SAVE(TY,TS)

CALL RECONS(3)

IF(TML T«STTM{ITM) JO0R.TM GT.STTUIITU+1))G0 TN 20
CALL STORPTM({TM™)
IF(TMeGE «STTM{ I TM+ L }) ITHU=] TM+2
GO TO 27

CALL FINISHIGC,0O)
IF{ILIST.EQC.Q) GO TO 102
NTY=NJ f3*NS .

D0 71 K=1,NTY

JEX+NJ

IF(ZCClJd) LT D) GC TO 72
IM (Ko 1)=2CC( 1)

IM (K +3)=0.

0 TOQO .71

ZM{K 31=2CC( L)

IM{Ksl) =0,

CONTINUE

CALL FINISKH(1,1)

CONTINUE

sSTOoP

END
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SUBRAOUTINE ALTER(TM,PER.INNFIRST)
C
PFEAL®8 SYS,SCTLsX4A+4834C0¢8,U
REAL *d K JOIsLEN
COMMGON /MATRTZ/ SYS(300),SCIL(322)
COMMON /VECTCR/ X{120)2Z(162)1.2ZT{4}),ZRC(4)},2Z2CCL160),TIME(S)
COMMON /PROP/ KJICTI(31)4SST(30)+LEN(30) ELAS(32) +AREA{30)
*,0401(31},05CT1(30Q) ’
COMMON /DESP/ATDI3O)
COMMON /XONST/ NS MNJsNS2.NJZ2.NSYSINSOI,ILIST,XLIST,IGHM,IPT
COMMON/MAXIM/ ZM(320,4),288(21,8)}GMOVE(600,8),JCINT(4&, 2)

CALL QECCNSI(3)
J=ENS2+
K= 2%NS 2
DO 1 I=J,.X
1 X{I)=n.

DG 20 I=2,NS
JEI+NJ
IF(ABS(Z(J)) LT.CIOI(IIICO TO 19
K= 6% [~8
A=XJ0I1(1)
B=A%QJOI{T}/ABS(Z(J)}
SYS{K)=SYS(K)=A+E
SYS{K+1}=SYS{K+1)+4-8
SYS(K+2)1=SYS (K+2)+A-B
SYS(K+3)=SYS{K+3)=-A+5

10 CONT INUE

20 CONTINUE
[F(ADS{ZINJI+1))LT.0UQIL1))IGO TO 30
A=RJCI(L)
B=A*DJOI (1) /7ABS{ZINJ+1))
SOIL(1)=SOIL({1}-KJOI{1)+8B
SYS{1)=SYS (1 )=-KJICI(1)+B

30 IF(ABS{Z(NJI2)) LT.DJOI(NI)IGC TO 40
A=XJOT(NI)
B=A*DJOI(NJIZABS{Z(NJ2))
SO IL{NSOI)=SOIL(NSOI)=KJOI(NJ)}+5
SYSINSYS)I=SYSINSYSI~KJQI{NJ)+38

40 DO S50 1I=1,NS ’ '
J1=T+NJ2
J2=T +NJ2 +NS
IT{(ABS(Z(J1))+LToeDSOT(TI)) JANDL{ABS(Z(J2)}4LT.OSCI(I)))IGO T3 60
K1=6%x1-5
K2=4#* (=3
I1=2%x]14+NS2=-1
I2=2*xT+NS2
CALL ZETA(ZLWZRWDSOT(T)Z0J1)+Z(J2),LEN{TI) NTYPE)
IFINTYPE .EQ.2)G0 TG S2

51 Us1e=-2ZL/7LEN(D)
={1e=U*UXUI*SST(I)*LEN(I) /3. ) .
B=SST{INH{ZL #ZL/{2.%LEN{ I} }=ZL *7L #¥ZL /{ 2  «ENCII*LEN{T) ) )
C=ZL*ZL*ZU*SST(I)/ ({3 «*LENCI)*LEN(]))
T=z=1.
IF{Z{Jl}aLT.0.)T=1.
D=TxSST(I)*DSOI (1) *{ZL=2L* 2L/ (2, *LEN(I1)))
E=T#SST( I)*DSOI( [} *ZL#ZL/({ 2. %LENI{I))
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SYS(K1)=SYS{K1l}-A
SYSIKLI+1)}=SYS{K1+1)-8
SYSI{K1I+2)=SYS(K1+2) =5
SYS({K1+3)=SYS(<1+3)=C
SOTL(K2)=SCILI{K2)=A
SOILI{K2+ 1) =SOIL(K2+1)-3
SOIL(K2+2)1=SQTIL(K2+2)~-8
SOIL{K2+3)=SCIL(K2+3)~-C
X{I1)=X(11)=-0

X{12)=xX(I12)=-E

IE{NTYPE.EQ.1)GC TQ &0
U=1=ZR/LENI(I)
A=SST{T)*ZR* ZR%ZR/ (3 «*LEN( [)&LEN (1))
B=SSTIT)*{ Z*kZR/ (2. * L EN( I} )=ZR*ZR*ZR/ (3. *LEN{I)*LEN(T)))
C= {1 ~UTU=U ) *SST(IISLENI 1) /2,

==1.

IF({Z(J2) L TaQe}T=1,

D= TRSST(II+DSOI( ) *2ZR*¥ZR/( 2. 2LEN{T))
E=T*SSTI(T)*DSOI (1) *(ZR~-ZR* ZR/ (2. k_EN(T1)))
NTYRE=] . ’ -
GO TO 53

CONTINUE

CONT INUE

RE TURN

END
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c

SUBROUTINE CCNST

PEAL %8 SYS LS50IL +X

REAL®A KJOT,LEN

COMMON /MATRIZ/ SYs$S(300),S01L(330)

COMMON /VECTTOR/ X(120),Z(1872)¢ZT{43.23CL4)+ZCCL182),TIME(S)
COMMON /PQCP/KJI0I(31) 4SSTI3NILLEN(3O)LELAS(30)+AFEA(3D)
*,0J01I1(31),0801(3¢C)

COMMCON /DESP/ATD (30

COMMON /KONST/ NSINJsNSZ2yNJZINSYSINSCI »ILIST.KLIST, IGM,IPT
COMMCN/MAX [M/ ZIM{320,4),ZB3(21+4)GMOVE{500,4),+JOINT(4,2)

N=N501-3

00 29 I=1.Ns4

J={I+3) /2
SOIL(I)}=S3T{JY*LEN(J)I/3.
SOIL(I+1)=SQIL(I)/2.
SOIL(I+2)=SOIL(TI+1)
SOIL{I+3)=SOIL(1I)

20 CONTINUE

SOIL{1)=SOIL(1)+K2IOI{ 1)
SOIL(NSOI)=SCOILI(NSOT}+KJOI(NI)
N=NSYS-3

D0 30 I=1,N,¢€ -
J=(T1+5) /5

A= (9 2ELAS(JI®AREA( J)I I /(S .LEN{J))
B=SST(J)H_ EN(J)/ 3.

c=xKJAar(J)

D=KJOI(J+1)

SYS(I)=A+B+C

SYS{I+1)=(B/2.)—A
SYS{I+2)=(8/2.)=-4

SYS(I+3)1=A+84+D

SYS{1+a)==D

SYS{I145)=~D

30 CONTINUE

DO 40 T=1,NSQI
J=I+NSOI
SOIL{J)=sSaIL(l)

&0 CONTINUE

DO S0 I=1,4NSYS
J=I+NSYS
SYS{J1=Sys (I}

50 CONTINUE

RETURN
END
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13

17
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SUSBROUTINE CCMPUT(TH)

REAL %3 SYS.SQIL..X

SEAL®SG KJOI LEN

COMMON /Z7MATRIZ/SYS(302).50TL(3072)

COMACN /VECTCR/ X(120),2(186231+ZT(4)+23C14)+2CCL18C), TIME(S)
COMMCON /RR0IP/KJQOT(31) ,SST(3C).LEN(32).ELAS(32), AREA(3N)
*,0J0I(321),0501(32)

COMMON /DESP/ATD(30)

COMMON /KAONST/ NSeNJIJsNSZ«MNJIJZNSYSH NSCT +ILISTWXKLIST, IGM.IPT
COMMON/MAX IM/ ZM(327,4)3+7288(21+4),GMOVE(AN0:4)+ JOINT( 4,2}

XMAX=7,

DO 13 I=1.NJ

J=T+NJ

XMAX=AMAX] (XMAX, ABS(Z{J))}

CONT INUE .

IF{XMAX,GELZBC(1)) CALL STCRE(XMAX ,TH,1,NJ)
00 15 K=1+3

XMAX=0.

JJI=K*+1

IT=K®NS+NJ+1

DO 17 I=14sNS

J=I+II

XMAX=AMAX] (XMAX,A8S(Z{J)))

CONTINUE )

[FIXMAX JGE ZBC(JJ)) CALL STOREIXMAX.TM,JJ,L.NS)
CONT ITNUE

RETURN

END
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SUSRAUTINE DISP( TM)
QEAL*S SYS,.SOTL . X )

COMMAN /MATRIZ/SYS{3INN),SCILI309)

COMMON. /VECTOR/ X(120),2(16n),ZT(a),ZRC(4),ZCCL160),TIME(S)
COMMON /PRO2/KJCTI{31),SST{20).LEN{30),.ELAS({230),aREA{3C)
*,D0J0T(31),0SCI(30) '

COIMMON /DESD2/ATD(30)

COMMAON /KONST/ NSaNJINS2 NJ2,NSYS NSO, ILIST,KLIST, IGM, 12T
COMMON/MAXIM/ ZM{327,4) ,2B8(21 +4) ,GMOVE(600,4),JCINT(4,2)

D0 6 I=1sNJ

6 Z{1IY=0.

JoIi=1

JOI2=NJ

DO 5 II=1,1IPT
IF{IPT.EQ.1)Y GO TQ 9
JOTL1=JOINTI{TII 1)
JOTIZ2=JOINT(I1I,2)

9 [F{JCIll.EQ.0} &GO TO S

1

o0 7 [=J401I1,4J012

DEL=TM-ATDI({I)
IF(DEL.GTL ([ IGM-2) /10 .} 0R.CELLLE.N) GN TA 7
PN=DELL/0 1

P=PN

DIF=AINT(PN)+1,-P

Nz [INT(?)

IF{NJEQ.C)YGO TC 1 :
ZUI)=({GMOVE(NJIT }=GMOVE(N+1L ,II))Y*DIF+GMOVE(N+L1,I1)
GO TQ 7

Z{IY=GMOVE ({1l ,IT}=*(1 .-0IF)

7 CONTINUE
S CONTINUE

RE TURN
END
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SUBROUTINE FINISHINTYPE,. IP)
C

REAL ®*8 SYS+S0ILsX

REAL #4 K JOI+LEN

COMMGON /7MATRI L/SYS(3Q0),5ulL (300

COMMON /VECTORY/ X{120)+Z0160)+2T(4).28C{4)+ZCCLLE0)TIME(S)

COMMON/PROP/ KJOI(31 )sSST(30J)+LEN{30)}+sELAS(30),AREA{30),

*DJ01{31).0501(30])

COMMGON /DESP/ATD{30C)

COMMUN /KLNST/ NSesiNJsNS2sNJ2 sNSYSeNSOQLe ILISTHWKLIST» IGH IPT

COMMON/MAXIM/ ZM(320+4) 2Z88(2144) GMUVE(S004+4) 2 JULNT{4,2)

IF (NTYPE.EJel)GUL TO 30
NTY=3&NS+NJ
DO 31 J=1l.:4
DO 32 1I=1+NTY
ZM{L o J)=2M(1+NT Y, 0)
32 CONTINUE
31 CONTINUE
30 XMAX=0 .«
XMIN=0.,
IT1=0
ILT2=0
RRITE(&6+1)
L FURMAT { "1 10X243(%F 1) /3 1l7Xs? % 431X 3750,/ 317X %" 42X,
1*RELATIVE ODISPLACEMENTS BETWEEN JOINTS " +2Xe ' %7,/ ,17X,
2P F' AL XX, G TXA3(tE ) /00 3 2XKe Y JOINTY 511 X
BTEXTENSIUN® y 10X e "TIME® 3 11X *CONTRACTION? 4BX*TIMst /Y00 /)

D3 2 [=1NJ

IF{lP.EQ.C)Y Gu TU S0

ZM(I +2)=LT(1)

ZM(L +40)=2T(1)

S50 CONTINUE .

WRITE(S+3)L(ZMlLlsd)»Id=104)

IF(ZM{Isl)euT eXMAX) [T1=1

IFLLM{T o3) o LT XMINY [T2=1

AMAX=AMAXLI{XMAXeZM{L 1))

AXMIN=AMINLIXMINIZM(1+3))
2 CONTINUE

WRITE(AH+21) XMAX, ITl«eXMIN,IT2

(F{LPANC«0) CALL GDISP({ ZTU(lJsl+1)

XMA X=0 »

XM IN=Q »

ITi=Q

IT2=0

WRITE(H+41) -
4 FURMATI? 103 13XsS0('KR?) o/ 418X e % 38X ," %!,/ ,18Xs"%0,2X,
L'RELATIVE ODISPLACEMENTS BETWESIN PIPZ AND Sull'e2xe'%¢,/,
2la4K "% (48X 127 /314 X,4%%3 20X, "SNEAR END"+ 20X "%,/

314X, VR, 48X 020, /,14X350(%%) /20t /+3X+*PLPE* 12X, PuUslITIVE?,
410X.'TIAE'ngA.'NEGATIVE'clOXn'TIME'}/'O'/)

S S 1=1enN3 ) .

~K=E1+NJ

IF{IPEQ.C) GU TU 4l

IM(K21=2T(2)

ZM{K 44 }=T(Z2)
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51 CONT INUE
MRITE( O3 s (LM{Ks J) s d=11s4)
IF(ZM{K+1) eGTaXMAX]) [T1l=1
IF(ZM{K+3)aLTXMIN) IT2=1
XMAXTAMAXLI(XAMAX s ZM{K 41 })
AMINSAMINI(XMINSsZM{K+3))

5 CONTINUE

MRITE(GE:20) XMAXsITl +XMINLIT2
IF(IPNEO) CALL GOISP{ 2ZT(2):s2.1)
RAKMAX=0 o
XM IN=0 o
IT1=0
[T2=0
wWRITE{ 6+ 7)

7T FORMAT (1%, 13X 450{( 222 ),/ 413X %1 , 88XV ¥,/ 014Xe'%",2X,
1RELATIVE DI SPLACEMENTS beTwEEZN PIPE AND SCILYe2X,y'%t,/,
21X THY A8 X. R,/ 14Xy TR 20X Y FAR ENOY 420X, %" ,/
SLaXe ' 5t 448X,V 21 L /4 18Xs50 (Y2 )4/ 00/ 43X 'PIrREY 12Xy 1PUSITIVE?S
GLl0Xy PTIHAC Y y L2ZX o "NEGATIVE 'y LOXs P TIMEY 4 /%0 /)

N3 =NJ+NS

DU 8 I=1sN5S

K=]+N3

[IF(IP.EQa0) GUL TG 52
MK »2)=ZT(3)

ZM(K +4}=2T1(3)

S2 CONTINUE
WRITE[Se 331+ (ZMIKesJ) s =) es)
IF{ZM{Ksl )} asT . XMAX) IT1i=1
IF(ZIMKs3)a LT XMINY 1T2=1
XMAX=AMAX L (AMAX s ZM(K 1))
XMIN=AMINIL (AMINs ZM{K+3) )

8 CUNTINUE

WRITE(6+20) XMAX, IT1:XMIN,ITZ2
LF(IPWNZ0) CALL GULIP( ZT(3),341)
XMAX=Q o

XMIn=0 o

ITi=0

IT2=0

wRITE{(5+:9)

D FuURMATLIY 1 025X 4260( % 1) 4 /020X 3230 280 73" /20X ,%%1,2X,
L'MAX [MUM PIPE STRAINS' 32X 1%, /325X 1E 1 42040 '%%3/,20X,
226(V %1 ) 4 /20 /33X PLPE? 12X *TENSILE"+11Xe'TIMCE? 411K,
I'CUMPRESSIVE s LUXL*TIMct /0% /)

N=ENJD +NS 2

DL 10 I=1sN>,

K= [+N

IF(IP.EWO) GU TU 53
IM{K+2)=2T1(4)

S ZM{K 44 )=2T(3)

53 CUNTINUE
ZM(K sl d=2ZM{Ks 1) /EN(])
2K 43 )1=2M{K+31/7LEN{ 1]
MR ITE( 6+ 3) Lo {ZM(Ksd) sJ=116}
IF(ZM{Ks1) e BT exMAX ]} IT1=1
IF(ZM{Ks3) el TeXxmMlin) IT2=1
AMAX=AMAX L (XMAaXsZM{K 1))
AMIN=AMINI{XAINSZM{K+3))

10 CONTINUE

78



WRITE(6s20) XHAX I Tl o XMINS1TE
IF(IPJNE«D) CALL GOISPL ZT{4)s44+1)
3 FURMAT(IS#2(lU0X+ELlDe8+5XsFDel))
RE TURN
20 FORMAT(2(/7 70" ) 419X eD1(0 2% ),/ 10X X1 ,39X,'%1,/,10XsP%',24,
L' MAXTMUM VALJE = * +E13454? AT PIPE NOs P8 12324 %3,/ ,16X,0%0,4589%,
290,/ 4 16Xe YF L 20X, "MINIMUM VALUE = *,E135¢* AT PIPFE NOe *4I2s24
3% /10X '"F? 49X,k /s l0XySi("%%))
21 FORMATLZ2(/%0%) 413X +S1(°%%) 3/ 410X s* %% 439X " %",/ 316X 7% ,2X,
1" MAX THUM VALUE = *,E13.5s?" AT JOINT NOo *sl2¢2X:7% ",/ 16X %F 345X,

2V L /316X 8% (22X ' MINIMUM VALJE = *3E1345+ " AT JUINT NCe *slc2elX»
¢, /s 16 Xe "XV 49X, 0% 0, /,16XeS1( %4 })
END ‘ ’
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SUBRAOUTINE FREEZE{TMNTY)
REAL *3 SYS,SOIL X
PEAL*xA KJDILEN
COMMON /MATRIZ/SYS(302).SOIL(300)
COMMON /VECTOR/ X{120).Z016C),Z2T{4) .Z8C1Aa)+ZCC{162),sTIME(SD)
COMMON /PRCP/KJCTI(31 1+SST{32)sLEN(37)+ELAS(30), APEA(3D)
*,DJOT{31).0321(3¢C)
COMMCN /DESP/ATD(30)
COMMON /KONST/ NSsNJsNS2«NIJ2NSYSHNSCT.ILISTSKLIST, IGM, IPT
COMMON/MAX M/ ZM(320,4) ,ZBB(21+4)»GMOVE(6Q0,4) + JCINT{4,2)
ODIMENSION ZM1(32C,4)

CALL GDISP(TM,2,0)
00 13 K=1,,NTY
J=K+#NJ
I=K&NTY
D0 20 JT =1 .4
IMI{ I »JdT)=Z¥{I,JT)
20 CONT INUE
IF(Z(1).LT.24.) GC TO 4
ZM(TI.1)=2( )
IM(I,2)=THM
ZM(I +3) =0,
IM{T+4)=TM
GO TO 18
4 ZM(I+1)=0,
ZM(I,2)=THM
ZM(T+3)=2(3)
IM({I.8)=T™
10 CONTINUE
CALL FINISH(N,0)
D0 30 K=14NTY
J=K+NJ
I =¥+ NTY
DG a0 JT=1,4
IMA(I «JTI=ZMLA{T,JT )
40 CONTINUE
30 CONTINUE
RETURN
END
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SUBROUTINE GDISP({TM.1Z.1Q)
REAL*3 SYS301LsX
REAL*4 KJQOI LLEN
COMMUN /7MATRIZ/5YS{300)s5JIL(300)
COMMUN /Z/VECTURY X{120)+Z2{1060)+2T{413:ZBC(3)+ZCC{160)e TIME(SI)
COMMON /Z/PROP/KJIGI(IL) +3ST(303+LEN({30) +ELAS(30) AREA(30)
*,0JO0I(31)},0501{(30)
COMMUN YDESP/ZATD(30)
COMMON /KUNST/ NSeNJsNS2yNJIJZ2sNSYSeNSUI s ILIST yKLISTHIGM.IPT
COMMUN/MAXIM/ ZM{320+4)eZBB(21+4)s GMOVE(6OQe 42 JUINT(4,2)
CIMENSION ZM1({22GC+4)

IF{ilQ.EU.0) GO TO 50
DO 51 K=1.NJ
ZIK)}=2BB(K,1Z)
S1 CONTINUF
SO CONT INUE
AMAX =0,
XMIN=0.
IT1=0
ITZ2=¢C
wWRITE(6+1012
10 FURMAT (" 15 325X27( "% ") /120X % 329X v %2 3/ 3s20A0% %1 32X,
1 *GROUND DISPLACEMENTS " 22X s" %7 3,/ ,26X 2 7¥% 25X, *%2,/,26X:27{ "%},
27°0° /92Xy "HOINT® v 1l X o' POSITIVE*» 11X " TIME® 12X +* NEGATIVE?
410X s*TIME' /20 /)
DO 1% 1=1+NJ
IF(Z(1)«LT«0~) GO TOU 17
ZML (1 4113=2(1}
Zl{l +2)=TH™
IMLl{]143)=0.0
ZMI(I+4)=TM
GG TO 153
17 ZM1 (1. 3)=2(1)
IMI{ L «4)=TMh
ZM1( 1+ 1}=040
ZMI(L.21=TM
13 CONTINUE
DU 18 I=1+NJ
WRITE{6s3) 1+(ZIM1(1sd)s d=1,4)
IF{ZM1{I+1)eGT«XMAX) [1TLl=]
IF{ZMI (T 93 ) el Texmind 1T2=1
XMAX=AMAXL (XMAXsZMLLLs1) 2
KMIN;AMLNI(XMAN;ZMI(I03))
13 CONTINUE
WRITE(He21) XMAXZITL 4XMINL,IT2
3 FURMAT{IS+2( 10X E1De8s5X,F3ell})}
21 FURMAT(2 (/200 ) 315X ,51 (0% )4/ 318X 3" 8% 349X, 7%%,/,10Xs"'%",2X,

TEMAX IMUM VALUE = ¢ 421345 AT JOINT NOW *2I2+2Xe% %" s /915X %? ,49x,
EVEY /1R e "% 22X "MINIMUM VALJE = '3 E13,5," AT JULINT Nue *9sl2+2%
3'*"/;10‘X|'*'.49‘1'*'-/'16)(!5["*'))

RETURN )

END
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c

19

SUBROUT TNE HIGH{XITER,PER] DR ,SW.PTRO, XN)

REAL ¥8 S5YS,SCOTL, X

RS AL*4 KJOT,LEN

COMMON /MATRIZ/SYS{300),3801IL(30n)

COMMON /VECTIOR/ X{1201+Z(1801+Z7T(48),28C(48)+2CC1167),TIME(5)
COMMON /PRQOP/ KJICII31)+s55T(301,LEN{30).ELAS{30), APEA{3C).
*0J00(31),D801(30)

COMMON /DESR/ATD(30)

COMMON AKONST/ NS NJIASZ I NJIZ NSYSWNSCIL,ILIST+RKLIST,,IGM,IRPT
COMMON/MAXIM/ ZM(320,4),ZBB(21,4),GMOVE(AQCC.+4) + JCINT(4,2)
DIMENSTION HI{3)

HIGHLI=0.,.

DO 1 I=1 NI

J=1+NJ
HJ=ABS(Z(J)Y/0J01(1))
IF(HJLT.HIGHL)GC TO 1
H{ 1)Y=HJ

HIGH]l=HJ

CONTINUE

HIGH1=0.

DO 2 I=1+N5

J= I+NJ 2
HJ=ARSTZ(J}/7050T101))
[IF(RJLLTLHIGHI)IGC TO 2
H{ 2)=HJ

HT GH1=HJ

CONTINUE

HIGH1=0.

NJ 2NS=NJ2 +NS

D0 3 I=1,.N5

J= [+NJI2NS
HJ=A8S{(Z(J)/D3CI(1)}
IF(HJ L L. T.HIGHLYIGO TO 3
H{3)=HJ

HIGH1=HJ

CONT INUE

HIGHM1=Q.

Do S I=1,3

IF(H(I) .LT.RIGHL )G TQC &
HIGH1I=H(1}

CONT INUE

CONTINUE
PERP=PERI/HIGH]1
[FIPERP .. T.1.}GO TO 10
SwW=-1.,

KT=3*N3S+NJ2

J=ENJ+1

DO 8 I=J,KT

Z({1)y=Z{ 1)/ PER

CONT INUE

GO TO 11
PER=PERP+{ 1., —PERP) XN/ XITER
IF(PER,GT.14 )PER=1,

Sw=1,

GO TO 7
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CEX R TR A RX IR AN R R R TR AR A K
SURBRQUT INE MULT{PER)

C
PEAL%8 SYS.SCTL.X
CCMMON /ZMATIIZ/SYS{3021.S0 1L 3037
COMMEN /YECTCRY/ X(l20).Z(IéO)oZT(&)tZ@C(d)oZCC(LGO).TIWE(S)
COMMON: /RPROP /KJITTI(31) +SST( 2O LLEN{3D) ,ELAS(2D) . ARZA{(30}
*,0J01(31),0S31(30)
COMMON /DESP/ATDI(37)
COMMON /Z/KONST/ NSsNJsNS2sNUZ2NSYSsNSOT «ILIST.XKLIST,IGM,IPT
COMMON/ MAX TM/ ZM(320,8),28B(2144),GMOVE( 600+ 3)+JOINT! 4,2}
c
D3 1 I=1.NS
K=2x%xT
L=ax*x]

X{K=-1)=PEQ*(SOTL(L=-3)*Z{ 1) +SOTL{L—-1)*Z([+1))
X{K)=PER® (SOTL(L=-2)*Z([)+SCIL(L)*Z([+1))
1 CONTINUE
00 2 I=1.NS2
J=I+NS2
X{II=X(I)+X( )
2 CONTINUE
RE TURN
END
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SUSROUT INE RECONS{N)

c
REALXS SYS,SCIL.X
COMMON /MAT2IZ/SYS(30N)SQTIL(327)
COMMON /VECTCR/ X{120).,Z(160),27T(a),ZB8CLAa)s2CC{1EC), TIME(S)
COMMON /PROP/KJOIL31) +SST{20),LEN(37) .ELAS(3C),AREA(37)
€, DJ0I(31),DSC1{(39)
COMMON /DESP/ATD(30)
COMMON /KONST/ NSyNJsNS2NJIJZ2/NSYSeNSOT +ITLIST.KLISTLIGM,IPT
COMMON/ MAX ITM/ 2ZM(320.4),7288(21,4),GMOVE{£00,4),+JOINT(a,2)
C

GC TO {(10+20530)sN
10 00 11 I=1,NS¥S
JENSYS+]
SYS{TI)=sys iy
11 CONTINUE
GO TO a0
20 00 2t I=!.NSOT
J=I1+NSOT
SQIL{II=SaIL{J)
21 CONTINUE
GD TQ &0
30 00 31 I=1,NSY¥YS
J=NSYSHT
SYS{I1)=sSYsS(J)
31 CONTINUE
DQ 32 I1=1..NSCI
J=T1+NSCI
SQIL{I)=S01IL(J)
32 CONTINUE
40 RETURN
END
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C

51
51

12
2¢

SUBRCUT [NE SAVE(TM,TS)

REAL *3 SY3,30IL, X

COMMON /YMATRIZ/SYS{(300),3CIL{3ND)
COMMON /VECTCR/ X({120)4+Z2(160)+Z2T(4),.,Z8Ct4a).ZCCL1EL8),TIME(S)
COMMON /PROS/KJYDI(I1IT«SSTLICILLEN(3C) JELAS{3C),AFREA(3IM)
+0J0T1{31)+,D0S5CT1.(232)... B —

COMMON /DESP/ATD{32)

COMMCN /KONST/ NSsMNJIsNS2:NJ2.NSYSNSOL,I[LIST.RKLIST,IGM,IPT
COMMON/MAXIM/ ZM(320 441 +Z288{21+4).GMAVE(S500+4 )+ JCINT (4,2}

IF(TM.GT .TS)IGO TC 1
NTY=SNJIJ+3I®XNS

NTY1=NTY+1

NTY2=2%NTY

20 5 J=l.,4

DO 2 I[=NTY1 ANTY2

ZM(T »J)=0.

CONT INUE

CONT INUE

CONTINUE

[F{KLIST.EQC.0) GO TOAO 350

DO S1 =1 ,KLIST
IF(ABSITIME( [)-TM) LT.0.001) CALL FREEZE(TM,.NTY)
CONT INUE

CONTINUE

D0 270 K=1,NTY

J=KENG

I=K+NTY

[F{Z(J).LT 23 .)GC TQ a
IF(Z(3) LT ZM{IL1))GO TC LOQ
ZM{L,11=20J)

ZM{I42)=TM

GO TO 172

[F(Z(J)«GT «ZM(1,3})GQ T3 112
ZW(I,.3)=2Z21J)

Z“(I’Q)=TH

CONT INUE

CONTINUE

IFILILISTWNEL.2)Y CALL COMPUTI(TM)
RETURN

END
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C

SUBRIUT INE SOLVEIN1)

RZAL®3 SYS,SCIL,X

COMMON /MATOIZ/SYS(209),.S0IL(303)

COMMCN /VECTCR/ X{120),2(167)1,2ZT(4)+ZBC(4),2ZCCL 180}, TIME(.5}
COMMON /PROP/KJOI{31) +SSTI2CYHZLEN(C32)-ELAS{30)Y.AREA(Z]D)

*,0J01(31).D05CI(30)

COMMON /DESP/ATO {30}
COMMON /KONST/ NS NJsNSZ2,NJ2,NSYSWNSOI 4TI LIST.KLIST.IGM,IBT
COMMON/S MAX ITM/ ZM(320,4),Z88{21+4),GMOVE(A00,4),JNDINT( 4, 2)

= (N1+2)/3
DO 1 T=1.N1,3
J=l1+2)/3

X{J1=x(1}/SYsi{1)
IF{J.GE.NIGO TO 1
SYS({I1+2)=5YS({I1+2)/8YS(1}
X{JF1L)=X 0+ )=X(J)*SYS(1+1)
SYS{I+3)=SYS{I+3)-5YS(I+2)*sSYsS(l+1)
CONT INUE

D0 2 I=1,N1,3
J={{Ni1=-1)/3)+1

L=N1-T+1

IF{J.LE.1)GO TQ 2
X{(J=1)=X(J=1)1=X(J)*SYS(L-1)
CAONTINUE

RE TURN

END
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SUBRCUTINE STARTINS yNIs TS TE ,TI 4PERL L X[ TER,NSYS)

C
INTEGER STARLBLAN
DIMENSION NTITLE{(30)
DATA STAR/ ' %2/ ,8LAN/SY '/
c

IF{NSYS +GT «3C0)ARITE(5, 1 INSYS
1 FORMAT (' xxxxWARNINGx&x¥&xx% INCRZASE DIMENSIONS )
WRITE(Bs 1OOY NS NI TS+ TESTI +XITER,PERT
100 FOSMAT (P11 ,/ 0%, 18X3Q1( "% )3/ s1IX,T%Y 439Xt 10,/,15X, %1,
13X *ELASTO-PLASTIC PIPELINE ANALYSIS Xt/ 10X, v, 36X, X,
2/1GX 810 * 7)) 330 /7%07) 420X s38(v% 1) 4/ 321X " ¥T 336X FT 4 /521 X, %",
3IX WP NUMBER MNF SEGMENTS s I1 243X "%/, 21X "%, 36X,7%",/,21X,%'%x",
ATX P NUMBER CF JOINTS® o T1Aa 33X 4% /,21X " &Y 4T6EX, "2,/ ,21Xs %%,
SAX L PINITTAL TIME*, F18,2¢3X 3 'x?,/,21 X% ,36X,'%7%,/,21X,'%*,
GIXZTFINAL TIVE® JF20,2,3X, ' %®?,/, 21X, %7, 36X, "%, /,21%X, '%7",
7I3X4 "TIME INTERVAL' yF L7233 X272 /21X 7% , 236X 4% /21, %1,
83X ,"NUMBER OF I[TERATIAONS'"»F 10e0e¢ 33X, "'/ 21Xs7%x ", JEX,*%* /21 Xs7%",
O3X 4 INITIAL PERCENTAGE® +F1244,3X ,*** /21X, "%*,368X, "*x*"/21X,38( %)
Le2C/00%13)
N=37
NBL=INT((73,=-N)Y/2.)
NS TR=N+8
NT =NBIL+NSTR
N=NRL+1
NZ=N1+1
N3=N2+3
Na=N T+N
NS =N4 +2
J4=Q
DO 4 [=1.NBL
& NTITLE{I)=BULAN
2 IF{JeGTD)IWRITE(B,LIO03)INTITLE(LI}, I=1 4,NT)
J=3+1
GO TO(10+:2C530,20510,40),J
10 00 11 T=N1NT
11 NTITLE(I)I=ST AR
GQ TO 2
20 D2 21 I=N2.NS
21 NTITLE(I)I=BLAN
GO Tg 2
30 READ(S+ 103 IKSANTITLE(I),I=N3,Na)
194 FORMAT(TI1 .79 A1)
IF(K.EQ. 1) J=1
GO TO 2
103 FORMAT(SCAL)
40 RETURN
END
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SUBROUTINE STAORTN{(TM)

c
PEAL®S SYS5,S7TIL »X,AD
TOMMDON /MATRIZ/ZSYS{3JC).SCIL(329) -
COMMON AVECTOR/ X{120),2({160C1,2T(4) +Z8CLAa),ZCCL160) ,TIME(S)
COMMCN /PROS/KJICI(31)45ST(30 I LEN(IO)ELAS(3IN)  APEAL 37)
*x,0J01(31),0SCI(20)
COMMON /DES2/ATD(30) , ,
COMMON /KONST/ NSeNJ NS2,NJ2+NSYS NSOI+ILIST,KLIST, IGM, IPT
COMMON/MAXIM/ ZM(320,4) +ZBB(214+6) sGMOVE{600+4) s JOINT(4,2)
C .

NTY=3%*NS+NJ
DO 1 I=1,NTY
J=1+NJ
IF(ZUJ) LTG0 TO 3
IM(I 1 ¥=2Z034)
ZM (1 ,2)=TM
ZM{1,3)1=0.
IM(T1.4)=TM
GO TO &

3 ZM{T+2)=Z( J)
ZMA{1 ,4)=TM
Z{] ,2)=THM
ZM(I.1)¥=0,

4 CONTINUE

1 CONTINUE
CALL FINISH(1.0)
RE TURN
END
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SUBRCUTINE STCRE(XMAX,THY,1,3}

C
REAL*3 S5YS,SCIL.X
REAL®4 KJIO!DWLEN
COMMCN /ZMATRIZ/SYS(302),501IL{307)
COMMCON /VECTOR/ X({1272),2(160)+2T(4),2Z3C(4},ZCC{160),TIME(SZ)
COMMON /7PROP/XJCI(3I1)+SST(3C)LEN(3C) JELAS(30) +ARSA(30)
*x,0J0I1(311.0SCI{(3M) ’
COMMON /DESO/ATD{30)
COMMON /KONST/ NSeNJINSZyNIZNSYSNSOI JILIST,,KLUISTLIGM,[RT
COMMON/MAX M/ ZM(3210,4),288(21,4),GMOVE(6Q0,4)+JCINT(4,2)
C

KS =1
IF{TEQsl) KS5=0
Z3AC{ I 1=XMA X
ZT(I)=T"
DQ 2 Ki1=1.NJ
ZBB{K1,I)=2Z(K1l)}
2 CONTINUE
DO S K1=14J
K2=K 1 #NJ+NS* (I—-1) +KS
ZCC(X2)1=Z{K2Z)
S CONT INUE
RETURN
END

8¢



R EEFEE L EEEEEEEEEEEER S ST E T

c

SUBRCUTINE STRAIN{PER)

REAL =28 SYS.SCTL., X
CCMUON /MATRIZ/SYS(3072),5C0IL(37272)
COMMON /VECTAOR/ X{120},Z2(1H80),Z27T(8),28C(3),ZCC(160Q),TIME(S)
COMMON /PROP/KJCI{31),S5STI3232).LEN(30),.ELAS{3IN), AREA(3D)
*,0J01(31).DSCI(32)
COMMON /DESP/ATD(31)
COMMON /KONST/ NS NJsNSZ2yNI2,NSYSWNSOI, ILIST,KLIST,IGM,IPT
COMMON/MAXTIM/ ZM(325,4),Z88(21+,4).GMOVE(600.4),J0INT{(4&,2)

0O 1 X=2.NS

JEK+ENY

[=2%=2

2NN =X+ )=xX(1)
CONT INUE
ZINJ+1)}=X{1)-PER*Z (1)}
ZINJ2)=PERXZ (NJ)=-X[NS2)
D0 2 K=1,NS
I=2%xK-1

J=K+NJ2
Z(J)=PER*Z(K Y=-X{1)
CONTINUE

NJ ZNS=NJ2+NS

DO 3 K=1!l+NS

L=K+1

I=2%K

J=K+NJI2NS
ZIJY=PER*Z{L}~X(1)
CONT INUE
NJ2NS2=NJ2 +NS2

DO & XK=1 NS
J=RK+NJ2NS 2

[=2%xK
ZC)=X{1)=-x{1-1}
CONT INUE

RETURN

END
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C*********’3*#****‘3**3**#**********3***#
SUBRAUTINE ZETA(ZLsZR+Ds 21422y XL N)
C
N=4
ZL=XL = (ARS (21 ) =)/ ABS({21-2Z22)
ZR =XL*(a8sS(Z22)-D)/ABS(Z1-22)
IF({ZL oGT s 74 ) e ANC+{ZR JLE 4G 2} IN=1
TF{{ZPeGT Qe ) s ANDa{ZL alLEsQ 2 ) )N=2
IF({(ZL +GT D4} eAND(ZReGTeDe)IN=3
IF{(ABS(ZLY+ABS(ZR)) .LT.XL)GO TQ 100
GO TO (13,27¢30+37) 4N
10 IF(ZLW.LE.XL)GO TO 10Q¢
ZL =X
GO T 130
27 IF(ZR.LE.XL)GO TQ 129
IR =XL
GQ TO 190
30 IF{ZR.GT .ZLICO TO 31
ZL=xL
ZR=".
G0 TQ 100
31 ZL=0.
ZR=XL
G8 TOQ 1430
40 WRITE(6+a1)ZL.2ZR.D+Z1,22
41 FORMAT {(1X, "SOMETHING [S WRONG',/ SE12.4)
120 RETURN
END
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APPENDIX

EXAMPLE RUN

92

B



INPUT FILE

33



SET

1
seT 2~ &
Ly13

SET 3

| —— 3

NOTE: See Section III.4 for Descripticn of the input file.

178
s
12
21
> 0.531496
S. 120472
A.422334
-2,945275
-7.3a05%2
-3,529921
-2,712204
n,82283%
3.181132
3, 830315
3.13861n
-2.118119
~3.79%669
-1,531a98
-1.028015%
1.9980:
0. 0996C6
-0.568173
-1,317717
-2.088978
-0.899606
2.112598
2. 823228
2.1731a0
2.212204
0. 990945
1.0a8819
7. 7318490
-1.32585n
-2,971651
-5.103936
-5, 763730
-4,565353
0.370866
a.23779%
S.5681417
3.4669291
l.611417
1442913
0.931102
0. 4654331
3.383465
-0.559213
~1.081498
-1.567717
~1.700787
~1.6984a24
~2.581101
~2.24827%
~l.023229
04116929
0.410530
04585669
1.147637
3.0657a7
3. 923621

{CON

Y

TINUED)

140135354
S. 623622
3.522834
-4.054094
-&,5936615%
=3.574018
-2.891181
13405590
3.279921
3.58779%
2.749999
~2,599213
-0.5720a7
=0.520279
- 1+.485039
1.9923208
Q.0811Q2
-0.847638
-1.307284%
-2.273622
=0.5930%4
2.273422
3.332677
2.129921
1.5362992
N.801t9%8
N.97913a
0.4%54331
-1.449212
—3.214172
~%,198818
~5.155512
-3.844488
Qe773228
4.707479
5. 425983
3.399212
1l.458661
1817716
0.868504a
e 547638
0.271288
~3.4636221
~1.1334684
~-1.589764
-1.731890
~1.72125%59
~2.558511
~2. 178346
-0e«301181
Q. 289754
04353542
3575984
1352352
3.2!16141
3941731

1.518503
5. 927359
3.1056492
-%.179133
-6.379922
-3.527%8%8
~2.437008
1785233
3.43a6a6
3.874409
2.1598a2
~2.932283
~0+%50315350
-0 .583071
—1.9023582
1470275S
0.086514
-1.3042330
-1.364586
=2.3712568
=03,27244
2.371260
J.012%98
2.111417
1 .6978638
N713779
1.042126
0. 0893790
~l.881211
~J.483858
~5. 1848845
~-5+563388
~34239753
lela48031
Ss.117322
5.243328
3.131495
[ «437401¢
1.3814889
Q.769292
0.548031
d.124409
—0.671654
-1.18936%
-1 .59527%
-1.7799321
-1.781495
=-2.699212
~1.917716
-0.769292
0.,829527
0.218110
D.61683S
l. 594053
J.314173
J.926771

2.0%527%5
&.Q030708
2.8818389
-6.245212
-5.820866
~3.6522362
-2.30899S
2.062%983
3.600787
3.6%590%5
1.47538a
-2 926771
-Qe&31A586
~0+ 780157
~1.069683%Q
1+266929
Q«+n3779S
=-1e 137764
-1.403449
~2.348425
0. 199213
2.48464613
2.7968%0
2.148454
1.569688
3. 5039955
1.048919
-0.191339
-1«770C79
~3.711817
-5.3%6298
-4.5603150
-2+5649560
1.512991
$.393327
5.217323
2.82283a
t.448428
13783468
0.659055
Q.617T7T17
-2.213236
-0.724803
~1a270£665%
-1.622048
~1.780708
«-1.876771
=2.7031a9
~1.752661
-0.58325433
D.520079
Qs J0TEST
0.6283071
1.85Nn787
3.406€92
3.+.88897%

94

2.630709
6.20183593
2.24527S
-7.113382
~4.779921
~3.448897
~( «877983
2.29%56569
J.?572a7
3.5909a4
e X d-TA-1-3 1
-2.511217
-0.303150
~0+88a040
-N.8%53937
Q993278
Q0.033858
-1.282677
-1.4519638
-2.218172
C.46501%3
2.60905%
2.551181
2.370074
1.55737a
0.52a3a6
1.085039
~0.323228
-1.995669
=-3.80%433
~5.399212
~He2%52361
=1 .68149%6
2.13937¢C
5.592126
4.79085!¢
2.568897
t.411811
1.3386614
N1.598276
21.605512
-0.113779
-3.761811
~-1.32992!
-1.63350329
=1 757872
-2.012992
=2.456928
~l.618961
-0.5437a29
04562598
Q+320a72
Ne75157S
2.11227%
J.5098a2
3.8255992

2.223229
$5.0554a8
1. 074409
-7.5861810
-4.240234
-2.984645
~1.2807128
2.a84252
2,867716
.41 2867
-0, 195276
~2.124803
-C.400354
-0.962992
N.226772
C. BO6692
=-0.0334865
-1.438975
~1.6368614
-2.021483
0.5387a02
2.46909a5
2313775
2.495275
1.427559
0.7129%2
1.20079Q0
-0,733071
-2,198813
-a,11968a
-9.633858
~%£.958661
-2.939764
2.6812991
E.,7338661
4.,490944
2.312224a
1.,321653
1.183454845
0.5885383
1.568R97
-38.229921
-1,798819
=1,379133
-1,630318
=1.74094S
~2.190157
-2.8617322
-1.,473228
-2.,391339
Q.54587063
8.35433!L
¢.280594a5
2.3712458
2.633aQ70
3.72598%4

3.8286772
S.3228a1
=0.3334865
-7.7885843
=3.932853
-2.438818
-%.412205
22723621
1.8244%3
3.2a8313
=1+7877%4

~1.568503"

—~0.563780
-1.2013386
Q+374016
045423520
=Q.1214653
-1 .366929
-1 .838975%
-1.7712%9
1.378739

2.144063
2.423622
ltelb7322
1 .3200723
1177559
-1.02%%38a
-2.2306456
-3,54527%
-5 .784252
-5,550393
-0.293337
3.11338%
5.7094a9
4,2233a58
2.048031
1.29 6456
1.3a8a28
Q.6283a44
7.508512
-8.390%55]
~0,870473

-1.64488]
~1.72440%5
=-2.3a2813
=-2+.528409
~1.+316131
~J.25a72a
Q4503927
D.816539
N.881486
2.£27559
3.758267
3.63a2852

4.464566
S.361417
~1.576771
-7.684644
~3.726771
~2.45a723
J,34a095a
24566928
3.921260
3.302755
-1.628582
-1.08779a
-0.584252
-0.9090%5
1.E735%0
0.273346
-3.303937
-1.302753
~1.924209
-1.3482515
1.809842

2.11259%8
2+35393%
1083937
L.17204a7
1.011819
—1.20£€2%5%
-2 .750236
-a,560236
-3.711023
-5.1437C\
0.Cg282¢C
3.4658661
5. 4458063
3.966928
1.807a820
1.375196
% .983a855
Qe &E7Na 72
J.a8E512
—-0.532284
-7.G8a2%2

~1.680708
~1.7235a2
=2 .270078
-2.399212
~1.15728¢
-Q0.078740
C.a643567
J.49209a
C.5%4882
2.8€ESTa7
3.857374
3.549212



34853543
1.4 791 34
-3e 9548299
SET 3 ~— -2.862992
- -2.9225 AL
(COMTINUED) ~1.624303
~-3.813291
3. 069251
~0e340945
A =3.5215654
SET 4 ——> 2
SET § ————>» 3.5
SET 5§ —> 2.01
SET 7T —™
SETA —» 20 2.3

J.342550
1.127559
~1.240551

-2.814a096Q
-1.,528590
~0.562205

0.138189
~0.469291
-0.531102

12.9
5

3.196457
Q770472

3. 218625325 24773590
Q.a234252 Q+129921

=-1.52244Q0 -1.800393 -2.241Q023
=2.972047 =32.0421286 =

3.0784Q0148 =3.07Q0079

-2 .661317 =2.330708 -2.28937%
-1.429527 =-1.333071 =~-1.253149

-0 .517323 -
B 178772

~“DeS5728a] -

0.38779% ~0.2724093
Q.1 70472 02.0%a03a
Q.6848819 ~-0.629370

-0 .,44Q157 -0,36063Q =4,298a25

13.92 Cal

t SLIPPAGGE PERMITTED
1 NORMAL JQINT STIFFNESS
SET 3 ! PLASTIC
NEW FORMULAT ION
= 1000, 1000300000,
1730 . 17.
1094. 1a.
to0a. 10.
1090 . 19.
1900. 10.
1030 « 10
1904 . 1.
19m0. 10.
1030 . 19,
10N0. 10
SET 10 — 19009, 104
1930, 10
1900, 19
1110 . 174
1282, 17
1900 . 104
1990 . 10.
1000, 19,
1970. 19.
10009 . 1020200000,
17.5 187 2an.9
175 18.0 24a0.Q
17.5 1847 240.0
17.5 18. 0 24Q. 0
17.5 18.0 24Q0.0
{1 7.8 18.0 240.C
17.5 19.0 240.0
1 7.5 18.0 240.8
17.5 1840 2408.0
1745 18.0 240.0
SET 1l 17.5 18.9 240.0
17,5 1840 240.0
17.5 1840 240.0
1745 1847 240,0
. 17.5 18,0 240,90
17.5 18.90 2aQ .0
17.5 13,9 240, 0
17.8 18.0 24040
17.5 18.7 240 .9
— 17.5 18.a 25044

3000203 . S65.9
3nNQ000Q0. 565. 0
300020Q2. 3S6%.0
32070020, 965.0
31703QC0QC. $65.1
J20A00002. 565.0
3703000249, 56549
390924Q2. 365.1
37000040 568.0
3000C000. 565.9
3I2070000. 565.9
30000090, S65,0
30000000, $65. 2
300090090 . 555.0
30304333800, 56540
300900000, S6%. 7
39000000, S65.9
3NQocCoon. 56549
3077000020, 56549
30Q729QQ0Q. -56S5.7”

95

2.472431

-C.140945 =3,403543
~2.299819 «2.51968S

2.1393712

~3.038975 =3.900393

-2.3905351 -1.904330
~1.184252 =1,097537
=C.1798528 —~0.096457

2.,022087 -0.063685

~Qe703937 =0,.703150

—Q.242913

2430 .32
2402.0
240Q.49
2409 .0
2430.0
2490.8
2400.0
24943.3
24020 .0
2400,0
2400.Q
2430,
240040
240%.0
2400 .0
2400.,9
240042
2400.%9
240Q.0
2419 .2

1.811024a
=-0.471250Q
-2.72944G
-2 .372478
-1.7a8031
-0 .973a 10
-0.,011811
- 0.20629%9
-0 + 5679921



OUTPUT FILE

96



BEX KX XXX S XXX EXEXFEEEF XX FHFERREEEFEX T KL

*
*
*

ELASTU-PLASTIC PIPELINE ANALYSIS %

*x

3

FXEFE XXX A FXRRE RSN SR RE R R E S LA X R EB LR R RN S XK

R R S Y Y P Y P S TS 2 IIIY

*
*
*
“
*
*
*
x
*
*
x
®
*
*
*
*

*

NUMBER QOF SEGMENTS 20 *
*

NUMBER GF JOINTS 21 *
*

INITIAL TIME 230 *
*

FINAL TIME 13.00 *
x

TIME INTERVAL OelQ *
*x

NUMBER OF ITERATIONS S *
*

INITI AL PERCENTAGE 03100 *
*

XS RE R R REF R SRR R RSN R R R KRR R R R &

FEEEFREF ST L SR EF SR CF R AR R F R AR F R R R R KRR RS &

*x
*
x
*
*
*
*
*
*
*

SLIPPAGGE PERMITTED

NURMAL JUINT STIFFNESS

NEx# FORMULATION

*
*
*
*
*
PLASTIC *
*
*
X
*

FEEERFRRGRE SRR RS S IR E AR KR FEEF RN KK AT RSN KX K x

a7



JAIL NT

b
OOV ~NOO P LN~

I = o P et e e e = e
-0V O~NO ;P W -

¥¥XFEXTXFEFXERERFRREEFFER XX

*x

¥ JOINT PRUPERTIES

*

*
*x
x

ANXK R R TR R TR R R R R R RE K

STIFFNESS

0«1000E+04
Vel QOUE+04
J+.1000E+04
0.1000E+04
0« 10005404
0 «1000E+04
C-1000E+04
Ue LODOE+04
0.1000E+04
0«1000E+04
0«1000E+04
0.1000E+04
0a1000E+04
0+1000E+04
0«1000E%+04
0« 1000E +04
U1000L+04
O« lUCUE+04
C«1000E+C4
U« l10G0E+04
Dal10Q0E+04

98

MAXIMUM ELASTIC DISPLACEMENT

D«10002+10
O«10U0E+D2
O«1000E+0Q2
U.1000E+02
O+1000E+0Q2
O0«1000E+Q2
0 «1000E+02
0.1000z+02
0+1000E+02
0+1000E+02
0.1000E+02
G.1000E£+02
0.1000E+02
0.100QE+Q2
Q1000E+02
0.1000E+02
0.1000E+02
0.1000E+02
DelOODOE+02
Gel QURE+OR2
Uel1Q0QE+LOQ



SEGMENT

VOENOU P W -

SullL STIFFNESS

CGe56500G0E+03
Q0«5650000E+03
Ue50500Q00E+Q3
0.56S50000E+03
0.3650000E+03
0e5650000E+03
0e5630QC0E+03
0.5630000E+03
O« 56500Q0E+03
0.5650000E+03
D0.5650000E+03
U« SH50000E +03
0.5650000E+03
0. 5650000E+03
0.5630000E+03
0«56250000E+03
Ue 5&£20000E+0Q3
0«5650000E+03
QeSES0000E+C3
Ce5620000E+03

RIS EEEEEEFTE XL E RS KX TR X T F X

*
*
*

SOIL

PROPERTIES

*
=
x

EXXFFEERRERCRERE R R RRKERSE

PROPAGATICN VELOCITY

99

0«2400000E+03
0«2300000E+04
0.2400000E+04
0e2400000c+04
0+.2400000E+04
0«240Q000E+0Q4
0+ 2400000E+04
0.2400000E+04
0+2400000E+04a
0.2400000Z+04
C«2403000E+04
0.24Q00000E+04
0«2400000E+04%
0«2400000E+04%
0.2400000E+04
02400000=+0C4
02403000z +0 %
042400000c+04
0+2400200=+04
Oe 24000Q0C+0G4

MAX ¢ ELASTIC DISP.

0«5000000E+01
0« SOQQQUQE+ DL
C«350000COE+UL
U5000000E+01
0.5000000Z+01
Q0«5J00UQQUE+D 1
C.50Q0000E+0
0.30000J00E+Q!
0.500000U0C+01
G« SQO00QQ0E+OQL
0.3000000E+01
0.5330000CE+01
Ge35000Q00E+01
0.35033000Q0E+01
0.5000000E+01
0.50008002+01
0«5000000E+Q 1
0« 30000006+ 01
Ce30000U0E+D]
Qe5uV0000E+01



PIPE

M
OV Em~NOUN P Wwn

AV S o R R
OCOVOHNOWUMELEWN -

I1sDIAMETER

041 750E+4+02
Q.175CE+02

 Del750E+02

Q1 750E+02
0« 1750E+02
0a.1750E+402
O«1 750E+02
O«1750E+02
D+1750E+02
Ol 75UE+0Q2
0.1750£+02
Del750E+02
Ge 1 750E+02
O«1750R¢02
Qel 730E+02
0.1750E+02
0«1 750E+402
O« 1 750E+02
0«.175QE+02
Q0.1 750E+02

¥EXEFFXERXEFAXAFNXEXFEREFRRERREFERY

*

* PIPELINE

*

*

PRGPERTIES *

*

FEEEEXEZEREFEXEXERERXEEE XX LTS E®

EX «sDIAMETER

0«18B00E+02
0.1800E+02
O0.1800E+02
0.1800E+02
0+.1800E+02
O«.1800E+02
C.1800E+02
Qel30u0n+02
C«1BOOE+QZ2
U« 1 800E+02
0.1300E+02
Q0.18308+402
Q«18002+402
C.1800E+02
D.LBVU0E+O2
0.1B00E+02
0.1800E+02
O«1800E+02
C.1800E+02
G.1800E+402

100

AREA

0e1394E+02
0el3FG4E+02
Qe 1l 394E+32
Cel39gE+D2
Qel3F4E+02
Cel394E+02
C«1394E+02
Oe 1394E+02
0+1394E+02
Cel304E+(2
Qel3v45+02
0.1394L402
Cel3dg4 402
Qe l394L+02
O0e1394E+02
Qs 1394Cc+02
D+1394Cc+#02
Oal394E+C2
OW8l3F4E+02
0 e1394E+02

ML.ELASTICITY

Ca3000E+08
0.3000E+08
C«e3000E+03
0+.3C00E+J38
0«30U0E+08
Ce3000E+08
Qe300UE+0OS
O«3000E+08
Ce3000E+4U8
D3000E+0D8
0e3000E+03
U«3000E+08
Qe3U00E+LS
0.30Q00E+03
Je3000E+08
Qe3000E+08
0.3000E+038
G «39U0E+VS
0«3000E+08
Ue3UDDE+D8

LENGTH

De2400+03
0 «2400E+03
0e2400E+03
0+2400E+03
O «2400E+03
De2400E+03
C+2400E+03
0 e2400E+403
De2400E+03
0 «2400E+03
0«2400E+03
Q02400+ 03
042400C+33
0e2400E+4+03
0 24Q0E+03
Q24032403
024002+03
0 «2400E4+03
Ua2430E+03
Q+2400E+03



EXEERXAEFXERETERER S F R EXEE ¥ &

* %
*¥ GRAUND DISPLACEMENTS x
* *

EEEFEF LR KR EFEEFFEAEE XX EREXEE %

JOINT POSITIVE T TIME NESATIVE TIME
1 0.0 3e & —0e56203343E+01 3.8
2 0.0 3O —Q0.63799810E+vul 3+ O
3 Qe O RS ~0 «62366579E+01 3.6
4 Ce 0 3.0 —0e73403533830E+01 36
S C«0Q 3.0 =0 «76834035342E+01 Set
[ 010200491 +C1 3.0 U0 3ed
7 Q0e71297223E+Q0Q Jebs 0eQ 3«0
8 Qe52835333E+00 3.6 U =0 3e b
I 0.60906452E+00 3 6 Qa0 3.6

10 0«71378839E+00 3.0 Del 3ec
11 0« 80195520E+00 3e0 J «0 Seb
12 099095070E+00 3eH 0.0 30
13 Q0 360 "'0024700669E+0i 3-0
14 O« 0 3«6 =0 «23353053c+01 35
15 0.0 36 -0s21901426E+01 3.0
16 CeQ 3.0 ~1 «20129833E+01 et
17 0.0 3.6 -Deal 8707643Z+01 3486
13 0«0 366 —J.41781439136+01 3.0
19 Qe 0 3t —~0 «l7212372L+01 3.0
20 Qe I I ) ~0s 10984243+ 01 3eo
21 Qa0 3e0 ~Q el 73324278 +01 e

FEREBR SRR A IR T E RS AT F T FR LT FHF P RS R S T AR R R SRR wu ke &

*
* MAX IMUM VAL UE = Qs10200E4+01 AT JOINT NQ. © *
* - *
* MlNI4AUM VAL US = —~Q«76837E+0]1 AT JUINT NUe 2 *®
% %
EKERFF R EE SR F S R R R R R F R R FE PN R R R F R R R R R RE R R F

101



JOINT

DO NOO P WM -

FEXEXRXXFEFEXFFXFIXFEFIFRFRFIFTEFEXRSEXEREREXE ¥

* *
* RELATIVE DISPLACEMENTS BETWEEN JUINTS =
* *

FEEEXEEEFEZEFREFXEERFIFERREFER RS E RN EERTERRE XY

EXTENSIUN TIME CUNTRACT IGN
D« 0 3.0 -0 «38J08475+00
CeQ de O ~0465204412E+00C
Q.0 3eb -~0ea47B6837025C+00
[¢ N0 340 -0 «34992492E+00
0.41315107£+01 340 0.0
041504593 E+01 3e0 0.0
Q.0 3eb ~0421190614E+00
QeC 3e & —~0eS5LIBT73I539E~01
QaS9134668B1E-01 30 0«0
Qe96258223E-01 S & 0«0
0.12512290E+00 3.0 ) Ce0
Ce 0 3 eb ~0416171703E+01
0.0 36 ~0a156501551E+01
Q412675029 E+00 3.6 U0
0.16688210E+4+380 3e 6 0.0
Q1535861 74E4+00 3.6 J a0
Qe LIS313S3E+00 36 Q 0
Qe T7462852E-01 346 Vel
Qe41397791E-01 Jeb Qa0
Ce B9T7DE£H58B6E-C2 3«0 00
DeV Jed —Qe24659504E~-02

I I I P T T T R P T R R Y Y I T T L T R T

MAXIMUM VAL UZ = Ue41505E+01 AT JOINT NU o

it

3 2
* *
* ¥
* ML NI MUM VALUE -0« 1 H502E+01 AT JOINT NJUe 13 *
* *
* *

PR FEF FR R R AR KRR R E R R R AR FRRR R IR R EFTER RS

102

Tide

3’6
3.0
3e0
3.6
36
3.6
3 el
3a &
3e &
Sets
3.0
e
3‘6
Je.o
3eto
3e
3.6
3eb
3.6
Jev
3e0



PIRPE

VN0 UN-

PO st b b e B e g e e g
O YO ~NWNMPFUNPLO

EEXE R LRXE RN E R R SR F KRR R RN R R RPN AR R EF R X R Y KK

% H B xR

FEFFEXXFFXEZXEFE XX IR EF SR EFIX XX R E Rk

POSITIVE

0380084 75E+00
Qe27397326E+30
0+ 20016092E+00
0el3873732E+0C
CeQ
0185470528 +00
0.50776632E-01
Ce 0
Q.0
GeQ
C.0
U-17242804E+01

RELATIVE DISPLACEMENTS SETWEEN PIPE ANO S50IL

NEAR END

T IME

=
x
*
*
*
*
NEGATIVE

Ue 0

Q.0

v el

G.Q
~0.43362083E+01

Je0

Q.0
=0 e41264124E=01
—0.52193426<-31
=0 +4413353578E-01
~Ue8l41326%E~-01

S0
—Ue730633737E~01
=0 73319000 ~01
—Je021l54014c-0C1
~0 «57244103—-01
~Oe47l70325E~-Ul
~0 237 3349Q0E~-01
=Jalll132203£~01

Ve O

A A AR F R R T F R A T FF R R A RN AP E R R T RS R T R ¥ F AR BT T % &

MAXIMUM VALUE

Y
*
EY
* mlNIMUM VALUE
*
*

Qel7243E+01 AT PIPE NSe 12

—0 +43362E+01

AT PIPE NI =

* o e K

EETAERFRRFF LR AR R R AR R B AR F RS R R ER AR IR AR B R E SR B E ST F &

103

TIME

¢ o 2 a *

[

. ® & » * o

(VY PO PP VYR VRN YV SISV VI U U FH SR VR )
-
cCcCcC o000 00O



PlPE

o ¢ RN I SR ¥ I T N SR

N ™ s bt b ps P g pd e
QVONTOFEN~-O

XEEEXXFFEXRFFXFFFEXFIFXFFFXRXERXEEERXXFX R XXX KT EXRE

*
*
*
*
*

RELATIVE DISPLACEMENTS BETREIN PIPEL ANO SOIL

POSITIVE

o OO0
. o

35G929%E+01

[«]
L]
G

o =]
. .
OO0 PO OOO

(o]
.

0.39151233E-01
0.521226G90E~031
0443705613E2-01
041071 1002E+4+00
0«90

0ea47431272c—01
078727424501
0. 88317573E-01
0.681427128~01
0e47729339E-01
Ga302655772-01
0+11610877E~-01
0« 0

FAR END

EX R AR EREF N TR ER KA KR E U R F R R F X R AT R ER L

T IME

3.8
3 o0
3.6
3 a0
3e 0
Y-
36
Jed
3eo
Je &
3e&
30
3O
3eo
35
30
3.0
3st
3«6
Jat

*
*
x
=
*
*

-0e37007110Z+20
—042785326312+30
~0.202137000400
—J 4 204063737£+400
Ga0
~Uel12112%9452+30
~Je¥313706812~01
Cs 0
Q.0
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Q0 30 0690743473 -05
Qe0 3.0 ~0 «693838731E~-0%
0135674356~ 03 3.6 U0
0.0 3.6 -0 «l19363128E-05
0.0 3e 6 =029354334E-03
0.,12332930E-0%3 3.6 Q.0
0« 16904760E-05 3.0 Q.0
0eld4656407E-0Q9 3.0 Ge O
0.18338554E~05 Jeis 0.0
Oe 0 3e6 -0 453927637 -04
0«805306893E-Q48 3.6 Ge®
02367391 7TE-0S Jav Je0
028633040~ 05 3e & Qe0
0.221584602-03 3«6 e
Qs 1552543705 3 e O «Q
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AR IR RFEREFFERRRKRFREF IR ST X
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0« 99723220E~01 12.9 0«0
02783519 33E+00 12.9 0.0
Oe54209332E+00 1249 0«0
O 80681670E+00 1249 0.0
0.995454 19E+00 12+ 9 Ve 0
Os14484167E+01 129 040
0e14374142E+01 129 0.0
0«14587612E+01 12.9 Ue0
Qe 16115446E+01 12.9 00
0e18076372E+01 1249 0.0
0e20482035E+01 1249 0«0
Ue23123684E+01 1249 Oae0Q
040 12.9 ' ~0e20603549E+01
0.0 123 ~0,1800218B6E401
0.0 122 % ~0e15222635+01
0.0 129 ~0e124037272+01
0« O 1249 ~J e95612502E+4+00
0.0 129 ~0.67109656E+00
Ga0 129 ~0 +40333071E4+00
0.0 129 ~“0el407337YE+00
0.1301Q0210E+00 126 Se 0
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=
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0490011001E-01
0.21998239E+030
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0.31815696E+00
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"0e72780214E~0Q
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Qe217268414E+00
0+4234736Q3E+00
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0.0
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12.9
12492
1247
12.9
129

CUNTRACTIUN

COCOOoOQOOCC
L ]
oQoca0 oo on

.
L]

Q«0C
~0+20299938£+01
=0 4203123371 L+01

00

cCcCCcCcoOooo
.
C 00000

EEREEE R R R E R R E AR F AR R EF R T R R AT R R E R E R XK R SR AR ZE*S ¥
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*
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—0.224896615+00
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U0« 100a1099E-01
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0.0
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GeQ .
=0.39363317E-02
0.0

0.0

U0

Ga0

Q.0
-0 .21784277£E+01

Je0

J«0Q

U el

Ue O

0.0

Q0«0

G0

0«0

KK E R KRR F R E SRR R KA R F AN KA R F SN AR K SRR R R AR KR RN E F &
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FkEEFEXFRLEEEEZESEEXFERAFRFT
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0« 287934 74E-05
0e42704978£~-05

044274 0066E=0%

0+«31817945E-05
O0«71304912E-05
0.0

0e38152649E-06
0«24573446E-00
Ce31914760E-05
0.389721575-05
0e27629221E-05
0. O

Ce7203732E-05
0.45083298&£-05
0e45871584-05
0.46255827E-05
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*

*

XXX FEXFREFFFE XK FFXERFRE SRR R BEETRFEREKREX
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Qa70S4T7670E+00
0.13151283E+01
06131992725+ 01
0413175293 7E+01
O0«41504602E+01
Qs41504593=+01
Q0.38749605c+400Q
Oes1673100E+00
04641654671+ 00
0+4417035024E+00
Ov43188918E+00
0439317030E+01
Qeld3W317036E+01
Ce3304G98B745E+0Q0
0.35267103E+00
Q.35278938E+00
04352790772+ 0Q40
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—0e54126036E+00
~0e951603205+20Q
-0 +954159392E+00
-0e93640739E+00G
~U+50188L160E+01
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~0.805456832+00
~0 «8082L825E+00
~0 808315935 +00
~0«803131325+u0
U «78499711E+400
~0e211406GUE+01
—0+21140630E+01
~(0e23012584E+00
— (2589351 02+0Q
—0 «259 |8829E+30
~0425913967C+00
~Je259139o07E+00
-J «e25913333c+30
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~0 413114348 +00
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Ce54126030E+00
Oe S3854460E+00
0«53838962E+00
052232730E+00
0e509074G7E+ 0L
Qe43705285E+00
Oea43975305€E+00
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0.,439723981E+00
De 4395491 5E+00
0.41624G336+00
0.21784500E+0G1
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061304032Z8E+00
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0«13018817E+00
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~0.70G547670E+00
~0 +70095348E+36G
~LUe700B7337E+00
~0e69343853E+00
—~0+433620838+401
—0e 24198496 +00
-0 «21150935E+00
—0s21129441E+00
—0e21129012E+00
=0 +21133014E+00
—Ue 2291 75632+00
-0 e40836290E+01
—0+194676400+00
-0« 17802387E+00
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*
*
*
*
*
*
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0«569704115E+00
De 70144558E+00
C.701504033C+Q0C
Dea70401156E+00
Ued3339299£+Q1
C«194159351E+00
0.21238554E+00C
QeZ21259874E+00
0edl125963IVE+CQO
0.21248847E+00C
0.,19720632£+00
0e40828381E+01
Q0.16137624E+00
0.17756081E+00
Ce 177787560E+00
Qel?7783879E+00
Qel7778879E+00
Ce 1 777583852+ 00
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~0e44285494E+00
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=~044021970C+00
=0 44434031 +Q0
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EEFER R EF RN X F RN AR AR E R AR AR ENF AR RFER LR R AF R R E ¥

x
*  MAX IMUM VALUE
*
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x
®

I I T I I T I T I T I T T T Ty I T,

1}

113
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FEXEFXEXEEREERERE XK EERREE
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Ge 22775581£—-04
G e22775377E-04
022650362E-04
Oe135674352-03
0.70221822E-05%
C.68381978E-05
0.68577274E~05
Ce68578374C-05
Ue063672043E~05
0«87862318BE-05
0el2777025£~03
0+42919810E-05
0457910377E-05
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0.580267%0c~05
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“~0«el173828745-04
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—0.145025212-04
—0 4142534072 -04
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—0e14243531E-04
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*
* MINIMUM VAL UE
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